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ABSTRACT: 
 
The Draft Hanford Site Solid (Radioactive and Hazardous) Waste Program Environmental Impact 
Statement (HSW EIS) provides environmental and technical information concerning the U.S. Department 
of Energy (DOE) proposal to enhance waste management practices at the Hanford Site.  DOE issued the 
Notice of Intent to prepare the EIS on October 27, 1997, and held public meetings during the scoping 
period that extended through January 30, 1998.  The HSW EIS updates analyses of environmental 
consequences from previous documents and provides evaluations for activities that may be implemented 
as a result of DOE decisions on the Waste Management Programmatic Environmental Impact Statement 
(WM PEIS).  Waste types considered in the HSW EIS include operational low-level radioactive waste 
(LLW), mixed low-level waste (MLLW), and post-1970 transuranic (TRU) waste.  MLLW contains 
chemically hazardous components in addition to radionuclides.  Alternatives for management of these 
wastes at the Hanford Site, including the alternative of No Action, are analyzed in detail.  The LLW and 
MLLW alternatives are evaluated for a range of waste volumes, representing quantities of waste that 
could be managed at the Hanford Site as a result of the WM PEIS records of decision.  A single 
maximum forecast volume is evaluated for TRU waste.  The No Action Alternative considers 
continuation of ongoing waste management practices at the Hanford Site or ceasing operations when the 
limits of existing capabilities are reached.  The No Action Alternative provides for indefinite storage of 
some waste types.  The other alternatives evaluate enhanced waste management practices including 
treatment and ultimate disposal of most wastes.  The environmental consequences of the alternatives are 
generally similar.  The major differences occur with respect to the consequences of disposal versus 
indefinite storage and with respect to the range of waste volumes managed under the alternatives.  The 
draft EIS is being issued for public review and comment, after which DOE will prepare the final EIS.  
Dates, times, and locations for public meetings will be announced in the Federal Register and local 
media.  A record of decision will be published in the Federal Register no sooner than 30 days after 
distribution of the final EIS. 
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Summary of Scoping Comments and DOE Disposition 
 
 The Council on Environmental Quality (CEQ) regulations for implementing the National 
Environmental Policy Act (NEPA) (42 USC 4321) state “there shall be an early and open process for 
determining the scope of issues to be addressed and for identifying the significant issues related to a 
proposed action.  This process shall be termed scoping” (40 CFR 1501.7).  The principal purpose of 
scoping is to determine the “range of actions, alternatives, and impacts to be considered in an 
Environmental Impact Statement (EIS)” (40 CFR 1508.25). 
 
 The notice of intent (NOI) to prepare the Hanford Site Solid (Radioactive and Hazardous) Waste 
Program Environmental Impact Statement (HSW EIS) was published in the Federal Register (FR) on 
October 27, 1997, (62 FR 55615) in accordance with 40 CFR 1501.7, 40 CFR 1508.22, and 
10 CFR 1021.311.  The NOI announced the schedule for the public scoping process and summarized the 
alternatives and environmental consequences to be considered in the EIS.  Two scoping meetings were 
held in Richland, Washington, on November 12, 1997, followed by a meeting in Pendleton, Oregon, on 
November 13, 1997.  Originally scheduled from October 27, 1997, to December 11, 1997, the comment 
period was extended by DOE through January 30, 1998 in response to a request from the State of Oregon.  
The notice of extension appeared in the December 11, 1997, Federal Register (62 FR 65254). 
 
 In this appendix, comments received by the U.S. Department of Energy (DOE) during the scoping 
period are summarized and grouped into categories corresponding with the topics that were considered in 
preparing the HSW EIS.  The comments are shown in italic typeface, and have been reproduced as 
accurately as possible with only minor grammatical corrections incorporated.  Responses from DOE and 
the manner in which the comments were addressed in preparing this EIS follow each category.  Persons 
and agency representatives who provided comments are listed in Table A.1. 
 
A.1 Programmatic/Complex-Wide Analysis 
 
 This category contains comments related to coordination of the HSW EIS with other DOE complex-
wide initiatives, programs, and NEPA documents. 
 
A.1.1 Coordination with Other Federal Reports, Environmental Impact, and DOE 

Policy Statements 
 

• The Notice of Intent (NOI) states that the Solid Waste Programmatic EIS (SW PEIS) will be coordi-
nated with Records of Decisions (ROD) for the Waste Management Programmatic EIS (WM PEIS) 
and other DOE EIS that affect waste management at the Hanford Site.  The NOI also states that the 
analysis in the SW PEIS of transuranic waste (TRU) waste management will be consistent with the  
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Table A.1.  Individuals, Organizations, and Agencies Commenting on the Scoping Phase of the HSW EIS 1 
2  

Name Organization 
Written Comments 
Barry C. Bede(a) U.S. Ecology 
Mary Lou Blazek & Dirk Dunning(a) Oregon Department of Energy 
Dirk Dunning Oregon Department of Energy 
Tim Heffernan Gaian Technologies 
Jay McConnaughey State of Washington, Department of Fish and Wildlife 
Vince Panesko(a) Pacific Rim Enterprise Center 
Sam Volpentest Tri-City Industrial Development Council (TRIDEC) 
Mike Wilson Washington State Department of Ecology 
Public Scoping Meeting Comments 
Barry C. Bede(a) U.S. Ecology 
Dirk Dunning(a) Oregon Department of Energy 
Dirk Dunning(a) Private Citizen 
Vince Panesko(a) Pacific Rim Enterprise Center 
(a) These individuals submitted written as well as oral comments. 
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 forthcoming ROD for the Waste Isolation Pilot Plant (WIPP) Disposal Phase Final Supplemental 

EIS.  The NOI also states that the goals of the 2006 Plan will be incorporated into the action 
alternatives evaluated for the SW PEIS.  Given these three statements in the NOI, the scope of the 
SWP EIS must specifically include these three topics.  These topics must be clearly addressed so that 
readers will have no difficulty verifying that the NOI statements have been fulfilled. 

 
• In the NOI there are some statements that the EIS will be coordinated with various ROD and other 

HSW EIS that affect waste management at the Hanford Site.  The NOI also says it will be consistent 
with the forthcoming ROD on WIPP.  It also says the goals of the 2006 Plan will be incorporated into 
the action alternatives.  What my comment is… that these other documents, the RODs for the Waste 
Management EIS (WM EIS) will be clearly identified and their impact on this HSW EIS will be 
clearly recognized and stated. 

 
• The recent site contractors conceptual study of waste shipment, processing, and packaging for 

disposal alternatives should be carefully evaluated and utilized when appropriate to achieve the most 
economical strategy for the ultimate disposal of these wastes.   

 
(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 

 
• Ten years ago, or a little over that, DOE entered into a consent order agreement in regard to a 

lawsuit in Washington, D.C., about doing a PEIS on all DOE operations.  Resulting out of that, DOE 
splintered that requirement into a bunch of fractions.  One of those was a Waste Management EIS 
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(WM EIS) and Environmental Restoration EIS (ER EIS).  The WM PEIS is only the waste 
management portion.  The environmental restoration (ER) portion was excluded from analysis.  And 
one of the things that I heard in the question and answer session was that this HSW EIS would also 
look at ER waste.  And I would like to suggest to you that absent the analysis of the ER portion of the 
PEIS, this HSW EIS has no basis to do so.  In addition, the Contractors Report, which came out in 
association with the focus on 2006 Plan was a report, which was not prepared in compliance with the 
National Environmental Policy Act (NEPA).  It was not done under a Federal Advisory Committee 
Act process.  And as such I believe it has no legal basis to be used in any decision making by DOE.   
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(Note:  This comment also addresses issues discussed under Section A.3, Waste Types and Volumes.) 

 
• The Contractors Report is clearly referenced and portions of it are included as recommendations 

within the national 2006 Plan.  I believe as a consequence of that the 2006 Plan also fails to meet the 
requirements under the NEPA and under the Federal Advisory Committee Act to be able to be used 
for decision making.  And as a consequence, this SW EIS should consider neither of those in any way 
as the HSW EIS is performed. 

 
Disposition of Comments on Programmatic Coordination Issues 
 
 DOE recognizes the numerous relationships that exist between the HSW EIS and other ongoing and 
historic DOE activities.  The HSW EIS strives for consistency with existing decisions and, at the same 
time, provides DOE and other stakeholders with an updated analysis of Hanford Solid Waste Program 
operations and alternatives for implementing future activities.  Every effort has been made to coordinate 
with, and tier from, DOE programmatic NEPA documents and decisions, such as the Waste Management 
Programmatic Environmental Impact Statement (WM PEIS, DOE 1997a and 63 FR 3629; 63 FR 41810, 
64 FR 46661, 65 FR 10061) and the Waste Isolation Pilot Plant Supplemental Environmental Impact 
Statement II (WIPP SEIS II, DOE 1997b and 63 FR 3623). 
 
 A complex-wide integration team authored the Site Contractors Study (DOE 1997c).  The goal of that 
study was to identify opportunities for increasing the efficiency of DOE waste management operations by 
coordinating and maximizing the use of existing facilities across the DOE complex.  Options considered 
in other DOE complex-wide and Hanford Site initiatives are included in the HSW EIS to the extent they 
are consistent with previous NEPA decisions.  Some of those initiatives include the Hanford Federal 
Facility Agreement and Consent Order (Ecology et al. 1989), also known as the Tri-Party Agreement 
(TPA); remediation activities conducted under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) (42 USC 9601); the Hanford Groundwater/Vadose Zone 
Integration Project (DOE-RL 1999a, b; DOE-RL 2000), and the DOE complex 2006 Plan.  In general, 
those initiatives deal with methods and schedules for implementing decisions that result from 
programmatic NEPA documents.  Specific studies of various ways to meet DOE waste management 
objectives are not decision documents, and need not be subject to NEPA review at the conceptual stage.  
Any activities proposed in those conceptual and planning documents that are incorporated into the HSW 
EIS alternatives will undergo the appropriate NEPA process and public review as part of preparing this 
document and a subsequent ROD.  Relationships between NEPA documents and other studies are 
addressed in the HSW EIS. 
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 Environmental restoration waste is generally not within the scope of the HSW EIS.  However, it will 
be evaluated using the CERCLA process, which provides for assessment of environmental consequences 
and public review in a manner similar to the NEPA process. 
 
A.1.2 Complex-Wide Impact Comparisons and Equity Issues 
 

• The SW EIS must be part of a systematic, complex-wide examination of trade-offs between candidate 
sites for receipt of additional solid waste…In comments on the PEIS and in other forums, Ecology 
has noted a critical missing element in DOE’s decision-making process for selecting sites for waste 
treatment, storage, or disposal within the DOE complex.  The PEIS is sufficient for making 
conceptual decisions on whether various waste streams should be centrally, regionally, or decentrally 
managed and disposed.  Site-specific analyses are appropriate for understanding the impacts of those 
decisions on a given site.  Missing is a meaningful comparison of environmental impacts between the 
candidate sites…  To satisfy this need, the SW EIS must be one of several site-specific EIS each 
addressing a candidate site. 

 
• Of special note, both the SW EIS and DOE’s broader programmatic decision-making process should 

consider equity among the sites in both alternative development and impact analysis.   
 

(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 

 
• The transfer of wastes between sites where significant economies of processing and disposal costs 

and the avoidance of the duplication of needed facilities and programs should be fully considered.  In 
inter-site transfers of wastes between sites, i.e., DOE Richland Operations Office (DOE-RL) and 
Idaho National Engineering and Environmental Laboratory (INEEL), a reasonable equity balance 
between the sites should be maintained.   

 
(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 

 
• The mixed waste issue must be addressed on a nation-wide basis, including the shipment of wastes 

between sites to achieve the most economical waste processing and disposal.   
 

(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 

 
• Managing wastes using primarily cost considerations has been largely responsible for the magnitude 

of DOE’s existing complex-wide clean-up problem.  It is time to begin selecting the best disposal sites 
based on technical and social considerations rather than on economic or other secondary factors.  

 
(Note:  This comment also addresses issues discussed under the Section A.2, Alternatives and 
Activities Analyzed in the HSW EIS.) 
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 In 1989, DOE established the U.S. Department of Energy Office of Environmental Management 
(EM) in an effort to coordinate cleanup and waste management activities at DOE facilities.  Before this, 
DOE had focused on managing its waste through individual site-specific programs.  As more sites have 
come into compliance with regulations and urgent needs have been addressed, DOE has been able to 
focus on a more unified complex-wide vision.  This vision is reflected in the Final WM PEIS, which 
presents a complex-wide strategy to treat, store, and dispose of radioactive and hazardous waste in a safe, 
responsible, and efficient manner. 
 
 In order to increase efficiency across the complex, DOE established an Environmental Management 
Integration initiative.  The underlying strategy in that initiative is to increase the efficiency in DOE waste 
management operations by eliminating the need for redundant facilities, applying site lessons learned 
across the nation, and using available waste management capabilities across program boundaries.  These 
efforts illustrate a DOE movement towards examining and implementing cleanup and remediation actions 
from a nationwide perspective. 
 
 DOE complex-wide waste management impacts have been evaluated in the WM PEIS and in various 
site-specific NEPA documents.  The DOE considered a range of factors, including scientific, technical, 
economic, and equity issues in making decisions in the WM PEIS RODs (63 FR 3629; 63 FR 41810; 
64 FR 46661; 65 FR 10061).  The HSW EIS analyzes alternatives for implementing the WM PEIS RODs 
at Hanford. 
 
A.2 Alternatives and Activities Analyzed in the HSW EIS 
 
This category contains comments related to the proposed alternatives and waste management activities 
analyzed in the HSW EIS. 
 
A.2.1 Alternative Options 
 

A.2.1.1 Shipment of Offsite Waste to Hanford 
 

• Any costs related to the processing and disposal of wastes from other sites, which are shipped to 
Hanford, must be funded by HQ or the originating site as an addition to the Hanford cleanup budget.  
This supplemental funding must be on a full-cost recovery basis including appropriate site overhead 
and infrastructure costs. 

 
• Normally any wastes shipped to Hanford from other sites for processing should be returned to the 

originating site or to the end disposal location for final disposal.  In some cases, it may be 
appropriate to dispose of the processed wastes at Hanford if suitable facilities are not available 
elsewhere within the DOE complex.  The shipment of additional offsite waste (over and above that 
which is already in the Hanford baseline) to Hanford for direct disposal may be done only under the 
following conditions: 
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   - The waste meets the acceptance and disposal criteria as currently specified which assures 

environmental and public safety. 
 
   - It reduces the cost or accelerates the disposal, of Hanford’s own waste. 
 
   - Accompanying incremental funding is provided for treatment, storage, and/or disposal of the 

waste. 
 

• Any waste shipments to Hanford for processing, interim storage, or disposal must not interfere with 
or delay any Hanford Site cleanup activities. 

 
• As DOE is well aware, there is a significant risk that DOE’s proposed actions for handling the 

immense amounts of other wastes on the Hanford Site are not assured…. Under these circumstances, 
it is inappropriate for DOE to consider the importation of any waste to Hanford until the cleanup of 
Hanford wastes is both assured and complete. 

 
• The current plans within things such as the 2006 Plan and other documents discuss perhaps leaving a 

large majority of the tank waste at Hanford buried in-place, rather than retrieving it.  If these 
decisions are made, as the Contractors Report points out, they are recommending increasing the 
legal exposure limits in order to allow that to occur…As a consequence, bringing any additional 
waste to Hanford would cause it also to be a part of that exceedence of the legal limit, and as a 
consequence, it would be unacceptable under the law to do so. 

 
 (Note:  This comment also addressees issues discussed under Section A.1, Programmatic/Complex-
Wide Analysis.) 
 
Disposition of Comments on Shipment of Offsite Waste to Hanford 
 
 DOE complex-wide waste management impacts have been evaluated in the WM PEIS and in various 
site-specific NEPA documents.  The DOE considered a range of factors, including scientific, technical, 
economic, and equity issues in making decisions in the WM PEIS RODs (63 FR 3629; 63 FR 41810; 
64 FR 46661; 65 FR 10061).  The HSW EIS analyzes alternatives for implementing the WM PEIS RODs 
at Hanford. 
 
 Hanford waste management services currently used by offsite DOE waste generators are supported in 
part by fees charged to those generators.  The U.S. Department of Energy Richland Operations Office will 
request funding adequate to meet cleanup goals, including TPA milestones.  However, funding for 
Hanford Site cleanup and other DOE activities is ultimately determined by Congress. 
 
 Any waste received for processing or disposal at Hanford would meet the Site waste acceptance 
criteria (FH 2001).  Most offsite waste is expected to be in ready-to-dispose form.  Disposal and treatment 
of offsite waste at Hanford could facilitate the cleanup and closure of other DOE facilities in the short 
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term, which would reduce or eliminate the costs associated with operating those facilities.  Reducing the 
long-term costs of operating those facilities may ultimately make additional funding available to Hanford 
and other major DOE sites for management of more complex waste streams. 
 
 Land use impacts at Hanford are evaluated in the HSW EIS. 
 
 The consequences of alternatives considered in the HSW EIS are evaluated with respect to their 
cumulative impacts with other past, present, and reasonably foreseeable activities at the Hanford Site. 
 

A.2.1.2 Use of Commercial or Offsite Disposal Facilities 
 

• U.S. Ecology encourages the DOE-RL to include, in the Hanford Site SW EIS scope and alternatives, 
the potential use of the commercial low-level radioactive waste (LLW) site located between 200 East 
and 200 West on the Hanford Reservation to dispose of DOE LLW…U.S. Ecology offers the use of its 
site as a viable alternative to expansion or reconfiguration of the existing Hanford LLW burial site.  
All LLW identified in the recent NOI (with the exception of Greater Than Class C Waste) has 
previously been and in the future can be disposed of at the U.S. Ecology site. 

 
• Evaluation of the use of the commercial site in the HSW EIS would clearly demonstrate Hanford 

Operation’s commitment to be fiscally responsible, economically conscience, administratively 
efficient and environmentally protective in considering LLW disposal options. 

 
• Immediate closure of the Hanford LLW burial grounds also should be evaluated.  Waste currently at 

the burial grounds was disposed of using operating procedures significantly different from those at 
the U.S. Ecology site.  Possible relocation of this waste to the commercial site should be assessed for 
its potential environmental impact in the HSW EIS scope.  Similar attention should be given to the 
environmental impact of direct receipt of offsite DOE laboratory LLW at the U.S. Ecology site. 

 
• We (U.S. Ecology) believe that the alternatives you have selected are basically very, very broad 

alternatives, and that under the possible alternative of minimizing waste, that the consideration of 
using commercial facilities (in particular U.S. Ecology) for the disposal of LLW should be 
considered. 

 
• The proposed HSW EIS should evaluate not only the impacts of ongoing and past activities at 

Hanford but should also seriously consider the relative impacts of utilizing existing offsite disposal 
alternatives…  Any consideration of further onsite waste disposal should be secondary to a 
consideration of offsite alternatives.  Unless onsite disposal can be clearly demonstrated to be 
preferable on environmental, social and economic grounds, offsite disposal should be prioritized. 

 
Disposition of Comments on the Use of Commercial or Offsite Disposal Facilities 
 
 The HSW EIS considers the option of sending some LLW to a commercial disposal site, such as the 
U.S. Ecology site at Hanford.  Potential benefits to this action, such as avoiding the need to develop new 
waste disposal facilities and disruption of sensitive habitats, are noted.  However, because waste sent to  
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U.S. Ecology would be disposed of in close proximity to the DOE Low Level Burial Grounds (LLBGs), 
the impacts of this option would be similar to other onsite disposal alternatives and are not evaluated in 
detail. 
 
 Some waste that may be generated at Hanford and at other DOE facilities would not be suitable for 
disposal at commercial facilities under existing permits and regulations.  In addition, it would not be cost-
effective or environmentally beneficial to relocate LLW that was disposed of in the LLBG after 1970, 
because regulations governing disposal of DOE waste have historically been similar to those for 
commercial facilities.  (Pre-1970 waste that was disposed of at the Hanford Site will be evaluated under 
the CERCLA process and remediated as necessary.)  Therefore, the Hanford Site would need to maintain 
its waste management operations and infrastructure to provide for disposition of wastes that are not 
suitable for commercial disposal, as well as to prepare the existing disposal facilities for final closure. 
 
 The WM PEIS ROD for LLW and MLLW identified the Hanford Site as a regional site for disposal 
of LLW, and for treatment and disposal of MLLW, from onsite and offsite DOE generators (65 FR 
10061).  The WM PEIS ROD for TRU waste specified that DOE sites, with few exceptions, would be 
responsible for preparing and certifying TRU waste at the site where it was generated for eventual 
disposal at the WIPP (63 FR 3629).  These decisions also specified the Hanford Site would manage LLW, 
MLLW, and TRU waste generated at Hanford.  Use of commercial facilities for treatment or disposal of 
some Hanford waste would be consistent with the WM PEIS decisions, to the extent that such use is more 
cost-effective than developing similar capabilities at Hanford.  However, use of other DOE sites for 
disposal of Hanford LLW or MLLW would generally be inconsistent with the WM PEIS decisions, which 
considered the environmental consequences associated with management of radioactive and hazardous 
waste across the DOE complex. 
 

A.2.1.3 Alternative Actions and Emerging Technologies 
 

• At one time solid waste containing plutonium at Hanford was incinerated to recover the plutonium 
from the ash.  Incineration routinely achieved greater than 95% volume reduction of the waste form.  
Such a volume reduction would significantly reduce the life cycle costs of subsequent storage and 
permanent disposal.  The cost saved in permanent disposal space is a savings, which will accrue for 
decades or longer.  An ash product may be more amenable to treatments that meet land ban 
requirements.  Therefore, I recommend that incineration be considered as an alternative for all waste 
types. 

 
• One option being considered by another DOE program at Hanford is to fill unused canyon facilities 

with solid nuclear waste prior to entombment.  This alternative should be considered for at least the 
GTC3 waste.  The alternative of putting new solid waste into the canyons should be considered as 
opposed to contaminating new soil. 

 
• The caissons contain remote-handled waste.  The radiation levels are so high that recovery actions 

may put workers at an unacceptable risk.  Consider an alternative for adding a fixant to the caissons 
(perhaps filling the caisson with a liquid that sets up into a solid). 
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 Thermal treatment of some MLLW streams is being considered in the HSW EIS alternatives.  Both 
MLLW and TRU waste would be treated as required by regulation, or to meet disposal facility acceptance 
criteria.  However, the environmental consequences of constructing and operating new treatment 
facilities, the cost of treatment, and the relative advantages of reducing waste volume may not be justified 
for other types of waste.  Consistent with the WM PEIS ROD for LLW, waste will be treated as required 
to prepare it for transportation and disposal (65 FR 10061).  Minimal treatment involves stabilization and 
packaging of LLW, including solidification of liquid and particulate waste.  Additional volume reduction 
measures, such as compaction, thermal treatments, or size reduction, could be employed at the discretion 
of individual waste generators.  However, DOE decided not to pursue LLW volume reduction as a 
complex-wide policy because the projected benefits would not be justified by the cost, environmental 
impacts, and potential health risk to workers from constructing and operating facilities to provide those 
capabilities (65 FR 10061). 
 
 An ongoing CERCLA study is considering the use of the major canyon facilities for disposal of some 
waste types that are included in the HSW EIS.  As currently envisioned, higher hazard waste such as 
Category 3 LLW would be placed inside the canyons and other wastes (Category 1 LLW, for example) 
would be placed above and outside the canyon.  The entire facility would then be covered with a layer of 
soil and capped.  The HSW EIS evaluation of LLW disposal in the LLBGs would bound the impacts of 
disposal in the canyon facilities.   
 
 DOE previously decided to retrieve TRU waste stored in the 200 Area LLBGs, including waste in the 
caissons, as a result of analyses in the Hanford Defense Waste EIS (HDW EIS)(DOE 1987 and 
53 FR 12449).  The HSW EIS evaluates processing and certification of TRU waste, but additional 
analysis of retrieval activities has been deferred.  LLW within caissons, including remote-handled (RH) 
LLW, would not be retrieved. 
 
A.2.2 Recommended Alternative Analyses 
 

• As scoping for this HSW EIS is occurring in advance of decisions on the PEIS, in accordance with 
NEPA this HSW EIS must also examine and consider all reasonable alternatives to the proposed TSD 
at Hanford.  These alternatives should include analysis of similar options at sites from which waste is 
proposed to be shipped, as well as separate treatment, storage and disposal at sites with no transport 
of waste.   

 
(Note:  This comment also addresses issues discussed under Section A.1, Programmatic/Complex-
Wide Analysis.) 

 
• The SW EIS must examine the full range of alternative management and disposal options.  In 

developing and examining options, the HSW EIS should emphasize the following:  waste 
minimization, treatment, avoidance of impacts, and support of cleanup activities.  As the alternatives 
are analyzed, the HSW EIS should be particularly sensitive to impacts on:  land use, cleanup 
schedules, transportation, habitat and compliance with cleanup laws. 
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(Note:  This comment also addresses issues discussed under Section A.4, Environmental Consequences 
and Analysis Methods.) 

 
• Closure of these waste streams (Low Level Burial Grounds [LLBG] and Mixed Low-Level 

Radioactive Waste [MLLW] trenches) will involve some type of barrier requiring geological 
resources.  The geological resources needed may include:  soil, sand, gravel and basalt…Washington 
Department of Fish and Wildlife (WDFW) requests that a NEPA analysis (EIS) occur to evaluate the 
environmental impacts related to closure activities for waste streams of the Solid Waste program, the 
Tank Waste Remediation System (TWRS) program, and the ER program requiring geological 
resources. 

 
Disposition of Comments on Alternative Analyses 
 
 Consequences of managing radioactive, hazardous, and mixed waste were evaluated in the WM PEIS, 
the WIPP SEIS II, and a number of site-specific NEPA documents.  The WM PEIS decisions, issued 
since the HSW EIS scoping period ended, specified the Hanford Site would be available to treat MLLW 
and dispose of LLW and MLLW from both offsite and onsite generators.  Hanford would also process 
TRU waste for disposal at WIPP as a result of those decisions.  The HSW EIS analyzes the impacts at 
Hanford from implementing those programmatic decisions.  Impacts at other potential waste generator 
and management sites have been evaluated in the programmatic documents, as well as in other site-
specific NEPA analyses, and are not duplicated in the HSW EIS. 
 
 Consequences of solid waste program activities at Hanford are evaluated for all applicable resources 
as required under NEPA, including land use, geological resources, ecological resources, traffic and 
transportation.  Waste minimization and pollution prevention are also discussed. 
 
 The cumulative impacts of waste management activities that are the subject of the HSW EIS are 
considered in addition to those from other past, present, and reasonably foreseeable activities at Hanford.  
Hanford Site needs for geologic resources have been addressed in other NEPA documents (DOE 1999, 
2001).  As part of commitments made in the Hanford Comprehensive Land-Use Plan Environmental 
Impact Statement (DOE 1999) the Hanford Site is developing a plan for managing geologic resources that 
may be required for sitewide programs and activities. 
 
A.3 Waste Types and Volumes 
 
 This category contains comments related to the types of waste and the waste volumes from Hanford 
and other DOE generators evaluated in the HSW EIS. 
 

• The WM PEIS needs to make it clear that pre-1970 waste containing plutonium and buried in 
cardboard boxes does not fall within the scope of this WM PEIS. The WM PEIS needs to provide a 
simple and crystal clear explanation as to why the pre-1970 waste is not within its scope.  The 
explanation needs to provide a simple overview of the NEPA process, which is applicable to the pre-
1970 burial grounds.  Since the pre-1970 burial grounds are within close proximity to post-1970 TRU 
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• I would recommend that the scope of this HSW EIS address the pre-1970 TRU and clearly explain 

why it’s not within the jurisdiction of this HSW EIS... 
 

• It is essential that decisions regarding both onsite and offsite waste management and disposal be 
made with a full understanding of what is currently on site.  The SW EIS must establish a detailed 
(baseline) solid waste inventory.  That will require a rigorous assessment of the types and volumes of 
solid waste that has been previously disposed at Hanford and what is currently waiting disposal.  
Added to that must be the anticipated onsite solid waste stream including pre-1990 wastes.  Offsite 
wastes currently being received for disposal should not be included in a Hanford baseline.  DOE 
should not assume these current relationships would automatically continue. 

 
 The solid waste baseline must then be combined with a sitewide waste inventory to create a Hanford 

Site baseline.  This sitewide estimate must include other present and future Hanford Site waste 
streams such as remedial wastes and low and high activity tank wastes.  It also must include residual 
contamination following planned cleanup activities.   

 
 (Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 

Analyzed in the HSW EIS.) 
 

• The amount of waste and its content (at Hanford) is very poorly and inadequately understood.  At 
Hanford there is according to papers released by the Secretary of Energy, Hazel O’Leary, last year, 
1.522 metric tons of plutonium unaccounted for.  DOE is not convinced all of that ever actually 
existed.  They are confidant that at least 400 kilograms really does exist and that they don’t know 
where it is but are fairly certain it didn’t leave Hanford.  As a consequence, that material is likely in 
the facilities at Hanford or in disposal somewhere on the Hanford Site in unknown conditions.  Those 
materials pose a sizable risk, which must be accounted for in the analysis under the SW EIS. 

 
• Liquid wastes from other sites can only be shipped to Hanford for treatment (and disposal of the 

residual solid waste) if it can be safely shipped, handled, and treated.  No liquids shall be directly 
disposed. 

 
• We believe that DOE should break this HSW EIS into two separate pieces.  One HSW EIS should deal 

with the onsite waste.  The other HSW EIS should deal with offsite wastes.  The lack of specific 
information on the quantity or character of offsite wastes necessitates this. 

 
• To aid in the comparison between candidate sites and in the analysis of impacts at Hanford, the SW 

EIS must examine the incremental impacts of any offsite wastes that may be sent to Hanford for 
treatment or disposal.  Hanford’s solid waste baselines are essential to this examination so decision 
makers, state, local, and tribal officials and the public know what is already present at Hanford. 
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 The HSW EIS describes the existing and anticipated waste types and volumes included within its 
scope, as well as an explanation of waste types specifically excluded from analysis.  Several waste types, 
including high-level radioactive waste, immobilized low activity tank waste, spent nuclear fuel, hazardous 
waste, and waste from environmental remediation activities (including pre-1970 buried waste), are 
outside the scope of the HSW EIS, either because they have been evaluated in other NEPA documents, or 
are being addressed under the CERCLA process.  The CERCLA process provides for analysis of 
environmental impacts in a manner generally consistent with the requirements of NEPA.  Therefore, 
facilities that will be evaluated under CERCLA cleanup projects, such as pre-1970 waste in the inactive 
LLBG, are not included in the HSW EIS. 
 
 DOE recognizes the importance of examining the combined impacts from all waste storage, 
treatment, and disposal activities on the Hanford Site.  The Groundwater/Vadose Zone Integration 
Program (DOE-RL 1999a, b; DOE-RL 2000) has undertaken an extensive task to quantify the radioactive 
and hazardous materials that may remain at the Hanford Site.  Impacts from the management of these 
waste types are also included in the analyses of cumulative impacts in the HSW EIS to the extent that 
information is available. 
 
 DOE has very tight controls on the accounting of nuclear material because of safeguards and security.  
When the material is technically or economically unrecoverable and intentionally sent to waste, it is 
referred to as “normal operating losses.”  The 1,522 kg (3355 lb) of plutonium in waste at Hanford is 
accounted for as follows: 
 

• High-level waste in the tank farms - 455 kg (1003 lb) 
• Solid waste in the burial grounds - 875 kg (1929 lb) 
• Waste in cribs, trenches, and ponds - 192 kg (423 lb) 
• Total - 1,522 kg (3355 lb). 

 
 The plutonium in normal operating losses is consistent with the amounts reported in waste.  For 
example, the normal operating loss of 192 kg (423 lb) in cribs, trenches, and ponds is consistent with the 
inventory of 190 kg (420 lb) (rounded) of plutonium that has been reported for TRU contaminated soil 
under the Hanford ER program. 
 
 The Hanford solid waste program primarily manages solid operational radioactive and hazardous 
waste, and generally does not receive liquid waste.  Liquids are treated and converted to a solid waste 
form before receipt by solid waste program for disposal.  The Hanford Site Solid Waste Acceptance 
Criteria (HSSWAC) requires stabilization or use of sorbents with waste containing free liquids in the 
LLBGs (FH 2001). 
 
 The HSW EIS considers the consequences of managing most solid radioactive and hazardous 
operational waste that has been, or will be, received at Hanford.  This assessment uses the best available 
information on previously disposed waste and forecast receipts.  For the purposes of analysis in this EIS, 
a range of forecast LLW and MLLW volumes was evaluated to encompass the uncertainties in quantities 
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of waste that might ultimately be received at Hanford under the WM PEIS RODs.  The lower bound 
waste volume considered in this EIS was obtained from the Hanford Solid Waste Integrated Forecast 
Technical (SWIFT) report (Barcott 1999), which includes forecast waste receipts from onsite programs 
where applicable, as well as small quantities of waste that Hanford is obligated to receive under existing 
agreements with offsite generators.  Additional offsite waste that could come to Hanford under the WM 
PEIS RODs is included in an upper bound waste volume, so the incremental impacts of that waste can be 
clearly evaluated.  The volume of TRU waste is based on a recently updated forecast (Barcott 2002) to 
incorporate a single maximum volume only, because the Hanford Site is not expected to receive 
substantial quantities of TRU waste from offsite DOE generators. The basis for quantities of each waste 
type evaluated is discussed in the HSW EIS. 
 
A.4 Environmental Consequences and Analysis Methods 
 
 This category contains comments related to the types of environmental consequences evaluated in the 
HSW EIS, and the methods used to analyze environmental impacts. 
 

• We are concerned about the risk assessment proposed by DOE.  As the SX tank farm expert panel 
pointed out in their final report - none of the existing site or national vadose zone and groundwater 
models adequately predict the fate and transport of radioactive and hazardous waste through the 
soils at Hanford… Any model used must include a good assessment of the uncertainty of the 
calculations.  It also must include a numerical estimate of the uncertainty of the model itself due to 
invalid assumptions, and model errors.  This can only be achieved by validating the models against 
real world data.  This validation must not use data that was used in the creation of the models. 

 
• I think it is absolutely vital that all of the cumulative impacts from the site need to be addressed to 

great degree, and that needs to be with not just the best data available, but accurate data about the 
transport of radioactive and hazardous materials under the Hanford Site.  To date that data does not 
exist.  The most recent data released as part of the SX tank farm expert panel report indicates that 
previous data was wholly inadequate and inaccurate… 

 
• The SW EIS proposed to do a comprehensive assessment of the cumulative risk….  We support a 

comprehensive assessment, but question whether adequate tools or data exist to perform such an 
assessment. 

 
• To properly analyze the impacts, this HSW EIS should analyze impacts to every community effected 

by transport from every site waste is shipped.  It should analyze the risks from disposal of these 
wastes in combination with all of the other risks already at Hanford…  The scoping of this HSW EIS 
should be extended to allow affected communities along potential transport routes to have input into 
the framing of the HSW EIS.   

 
(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 
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• An extensive stand of a big sagebrush/spiny hopsage plant community can be found there (central 

Plateau, of the Hanford Site).  This plant community has been identified by WDFW as Priority Shrub 
Steppe Habitat…The expansion of the LLBG and MLLW trenches and any other new facilities related 
to this action could impact Priority Shrub Steppe Habitat of the Central Plateau if not wisely sited.  
We are requesting the following site selection processes occur for new facilities, expansions of 
reconfigurations…1) Avoid shrub steppe habitat by utilizing existing disturbed areas…2) Focus 
within the 200 East and 200 West fence line, excluding the 200 West expansion area…. etc.   

 
(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 

 
• The burial grounds are located in the vicinity of several facilities including T cribs, Z cribs, T-Tank 

Farms, 242-T Evaporator, 231-Z, 234-5, covered T-ditches, covered ditches from Z plant to U pond, 
covered U pond, covered ditches to S ponds and covered S ponds.  The cleanup criteria, which may 
be addressed in the SW PEIS, should be consistent with the criteria used for the cleanup of the 
surrounding facilities.  DOE needs to avoid spending millions of dollars to cleanup a burial ground 
when a nearby site may be left in place with a larger radionuclide inventory than the burial ground.   

 
(Note:  This comment also addresses issues discussed under Section A.2, Alternatives and Activities 
Analyzed in the HSW EIS.) 

 
Disposition on Comments on Environmental Consequences and Analysis Methods 
 
 Hanford Site groundwater and vadose zone models have been incorporated into a sitewide model as 
part of the Groundwater/Vadose Zone Integration Project (DOE-RL 1999a, b; DOE-RL 2000).  This 
sitewide simulation capability, known as the System Assessment Capability (SAC), has been designed as 
a stochastic capability with an option to perform deterministic simulations.  It uses the groundwater 
model of the Hanford Site produced and supported by the Groundwater Monitoring Program.  Currently, 
the groundwater portion of this model implements a fully three-dimensional conceptual model of the 
unconfined aquifer.  This model has been inverse calibrated to Hanford Site water table measurements 
from 1944 to present, and uses knowledge of geohydrologic units and field measurements of hydraulic 
conductivity to condition the model calibration.  Future revisions of the SAC will incorporate inverse 
calibrated alternate conceptual models of the aquifer.  However, at present, uncertainty in groundwater 
contaminant migration and fate is represented by the uncertainty in contaminant mobility as reflected in 
uncertainties in linear sorption isotherm model parameters (for example, distribution coefficients for 
various contaminants).  At the time of preparation the HSW EIS cumulative impacts evaluation used the 
best information available from the Groundwater/Vadose Zone Integration Project (DOE-RL 1999a, b; 
DOE-RL 2000) and from the Hanford Site Composite Analysis (Kincaid et al. 1998).  The HSW EIS 
provides a conservative analysis commensurate with the purpose of the document, which is to bound and 
compare the consequences of the alternatives. 
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 The consequences of transporting waste between DOE sites were evaluated in the WM PEIS 
(DOE 1997a) and the WIPP SEIS II (DOE 1997b).  Analysis of onsite transportation is included in the 
HSW EIS, as needed, to address alternatives involving onsite and inter-site transportation of waste.  
However, the HSW EIS does not re-evaluate transportation between DOE sites that was addressed in 
previous complex-wide NEPA analyses. 
 
 The consequences of constructing new facilities that may be needed to implement various alternatives 
are evaluated in the HSW EIS, including ecological impacts on sensitive plant and animal communities. 
 
 Cleanup criteria for various facilities surrounding the active LLBG are outside the scope of the HSW 
EIS.  Cleanup criteria for environmental restoration facilities would be defined and evaluated during 
remedial actions conducted under the CERCLA process.  Soil contamination in the 200 Areas has been 
evaluated in a number of recent studies (Simpson et al. 2001; Coony 2002).  However, environmental 
remediation activities are regulated separately from the routine waste disposal operations considered in 
the HSW EIS.  Criteria for disposal of LLW and MLLW in the LLBGs (FH 2001) were established to 
comply with existing regulations, which generally result in risks similar to those used as criteria for 
remediation activities. 
 
A.5 Public Involvement and Government Agency Consultations 
 
 This category contains comments related to public involvement and coordination of the HSW EIS 
decisions with other government agencies and stakeholders. 
 

• Information about this HSW EIS was inadequate for the public to understand the potential scope and 
ramifications.  We formally request DOE extend the public comment period on this HSW EIS until 
January 30, 1998. 

 
• In addition, the HSW EIS should seek input from the Yakama, Umatilla, and other affected Native 

American communities.  Their aboriginal lands have been impacted and they have the greatest 
personal stake in the outcomes selected for Hanford. 

 
• Full public disclosure of hearings must be held on any proposed inter-site transfer of waste for 

processing, interim storage or disposal.   
 

(Note:  This comment also addresses issues discussed under Section A.4, Environmental 
Consequences and Analysis Methods.) 

 
Disposition of Comments on Public Involvement and Government Agency Consultation 
 
 The scoping comment period was extended beyond the required 30 days as requested.  In addition to 
the HSW EIS public meetings, numerous briefings were provided to tribal organization, state agencies, 
the Hanford Advisory Board, and other organizations upon request.  Information regarding the HSW EIS 
was also available at the National Dialog Meetings held in conjunction with publication of the final WM 
PEIS. 
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 At their request, the Yakama Nation was invited to participate in preparation of the HSW EIS.  
Comments were also requested from other tribal nations, but none offered comments on the scope of the 
HSW EIS.  They will have an opportunity to review the draft HSW EIS and provide input during the 
comment period following its publication.  Their input will be considered in preparing the final HSW EIS 
and a subsequent ROD. 
 
 Inter-site transport of waste between DOE sites was evaluated in the WM PEIS and WIPP SEIS II 
(discussed under responses in Section A.4).  During preparation of those documents, extensive public 
input was obtained from communities potentially affected by transportation activities.  Additional 
consultation with emergency planning organizations in potentially affected communities would take place 
as actual waste shipments are planned. 
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Detailed Alternative Descriptions, Assumptions, Waste 
Volumes, and Waste Stream Flowsheets 

 
 
B.1 Introduction 
 
 This appendix contains five sets of information.  The first set identifies waste streams by waste stream 
number.  Basic information on the waste streams and facilities is contained in Section 2 of this 
environmental impact statement (EIS).  The second set of information provides additional details on the 
alternatives in a table format with major actions identified for waste-management functions of storage, 
treatment, and disposal.  The third set of information is a listing by waste type of processing assumptions 
for each waste stream and alternative.  The fourth set of information is the volume of each waste stream 
expected to be received annually for each waste type.  The fifth set of information is detailed flowsheets 
showing the disposition pathway for each waste stream for each alternative.  For the presentation of waste 
volume numbers, the volumes have been rounded to the nearest whole cubic meter.  It should be 
recognized that for some numbers, the number of significant figures exceeds the accuracy of the 
information.  Occasional differences may be noted in the unit digit due to rounding.  
 
B.2 Waste Stream Numbers 
 
 Figure B.1 is an expanded version of Figure 2.1.  Figure B.1 includes the waste stream numbers that 
were used during the development of the EIS to track individual waste streams.  For each waste stream, a 
number is shown in the figure, such as (#2) and was the identification number assigned to that stream.  
This is the alphanumeric designation by which each waste stream was initially identified in the 
development of this EIS.  Streams #7, #16, and #19 were dropped from consideration as separate waste 
streams in the EIS during its development.  Stream #7, composed of greater than Class C Wastes (an 
NRC category no longer applicable to Hanford waste), was combined with stream #3.  Stream #16, 
composed of contaminated equipment and materials for decontamination, was eliminated from the scope 
of the EIS, and Stream #19, greater than Category 3 (GTC3) and transuranic (TRU) waste in the Low 
Level Burial Grounds (LLBGs), was combined with stream #20 when subsequent analyses determined 
these wastes to be low-level waste (LLW).  It can also be noted that two waste streams were subdivided to 
allow more detailed analysis (#10 and #13). 
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Note - See text for discussion of waste streams #7, #16,
and #19, which are not included in this diagram.
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Figure B.1. Waste Types and Waste Streams Considered in the HSW EIS 

 
B.3 Descriptions of Alternatives 
 
 Tables B.1 through B.3 describe waste-management actions anticipated under each of the alternatives 
for LLW, mixed low-level waste (MLLW), and TRU waste, respectively.  Sections 3.1 through 3.4 in the 
body of the EIS can be consulted for text descriptions of these alternatives. 
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Table B.1.  Low-Level Waste Alternatives 1 
2  

Waste Volume 
Previously Buried 

Alternative 1 
Commercial Treatment, Enhanced Design Trench, 

Cap at Closure 

Alternative 2 
Onsite Treatment, Current Design Trench, 

Cap at Closure 
No Action 

No Treatment, Current Design Trench, No Capping 

 283,067 m3 283,067 m3  283,067 m3 

As Received 
Lower Bound 

149,515 m3 
Upper Bound 

348,360 m3 
Lower Bound 

149,515 m3 
Upper Bound 

348,360 m3 
Lower Bound 

149,515 m3 

Storage Wastes for inspection would be staged at LLBGs or CWC until 
verifications are completed.  Non-conforming wastes would be 
stored in CWC until treatment becomes available. 

Wastes for inspection would be staged at LLBGs or CWC until 
verifications are completed.  Non-conforming wastes would be 
stored in CWC until treatment becomes available. 

Wastes for inspection would be staged at LLBGs or CWC until 
verifications are completed.  Non-conforming wastes would be stored 
in CWC until treatment becomes available. 

#1 – Cat 1 - No treatment required. #1 – Cat 1 - No treatment needed. #1 – Cat 1 - No treatment required. 

#2 – Cat 3 - Emplaced in HICs or in-trench grouted. #2 – Cat 3 - Emplaced in HICs or in-trench grouted. #2 – Cat 3 - Emplaced in HICs or in-trench grouted. 

#3 – GTC3 - Emplaced in HICs or in-trench grouted. #3 – GTC3 - Emplaced in HICs or in-trench grouted. #3 – GTC3 - Emplaced in HICs or in-trench grouted. 

#6 – Non-conforming - Commercial treatment. #6 – Non-conforming - Treat in New M-91 Facility. #6 – Non-conforming - No treatment. 

Treatment 
(by Waste Stream) 

#20 – Previously Buried Wastes - No treatment. #20 – Previously Buried Wastes - No treatment. #20 – Previously Buried Wastes - No treatment. 

Indefinite Storage No Indefinite Storage Needed. No Indefinite Storage Needed. Non-conforming wastes remain in indefinite storage in CWC. 

Disposal Continue disposal until existing capacity is reached, then build 
additional trenches with enhanced design.  Cap LLBGs at closure. 

Continue disposal until existing capacity is reached, then build 
additional trenches of current design.  Cap LLBGs at closure. 

Continue disposal until existing capacity is reached, then build 
additional trenches of current design.  No capping. 

LLW Streams: 3 
4 
5 
6 
7 
8 
9 

 #1 - LLW - Category 1 
 #2 - LLW - Category 3 
 #3 - LLW - Greater Than Category 3 
 #6 - Non-Conforming 
 #20 - Previously Buried Waste in the LLBGs 
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Table B.2.  Mixed Low-Level Waste Alternatives 1 
2  

Alternative 1 
Modified T Plant Complex 

Alternative 2 
New M-91 Facility 

No Action 
No New Process Facilities Waste Volume 

(as stored, newly generated, 
or as received from offsite) Lower Bound 

65,344 m3 
Upper Bound 

205,678 m3 
Lower Bound 

65,344 m3 
Upper Bound 

205,678 m3 
Lower Bound 

65,344 m3 

Storage Wastes would be stored at CWC until treated. Wastes would be stored at CWC until treated. Wastes would be stored at CWC until treated.  Build additional storage 
capacity as needed. 

#11 – Wastes ready for disposal – no additional treatment required. #11 – Wastes ready for disposal – no additional treatment required. #11 – Wastes ready for disposal – no additional treatment required. 

#12 – RH and Oversized – Treat in Modified T Plant Complex. #12 – RH and Oversized – Treat in new M-91 facility. #12 – RH and Oversized – Remain in indefinite storage without 
treatment. 

#13A – CH Inorganic and Solids and Debris – Complete treatment 
under current contract minimums then establish additional 
commercial treatment contacts for stabilization and 
macroencapsulation. 

#13A – CH Organic Solids and Debris – Complete treatment under 
current contract minimums then treat additional wastes in New 
M-91 Facility. 

#13A – CH Inorganic Solids and Debris – Treat contract minimums, 
untreated waste to remain in indefinite storage. 

#13B – CH Organic Solids and Debris – Complete thermal 
treatment with destruction of hazardous organics in 600 cubic 
meters of waste per existing commercial contract.  Establish 
additional commercial contract for all remaining waste. 

#13B – CH Organic Solids and Debris – Complete thermal 
treatment per existing commercial contract for 600 cubic meters of 
waste.  Treat remaining waste with non-thermal technology in New 
M-91 Facility. 

#13B – CH Organic Solids and Debris – Complete thermal treatment 
with destruction of hazardous organics in 600 cubic meters of waste per 
existing commercial contract, untreated waste to remain in indefinite 
storage. 

#14 – Elemental Lead – Treatment in commercial facilities under 
new contract. 

#14 – Elemental Lead – Treatment in New M-91 Facility. #14 – Elemental Lead – Remain in indefinite storage without treatment. 

#15 – Elemental Mercury – Treatment in commercial facilities 
under new contract. 

#15 – Elemental Mercury – Treatment in New M-91 Facility or 
WRAP. 

#15 – Elemental Mercury – Remain in indefinite storage without 
treatment. 

Treatment 
(by Waste Stream) 

#18 – Mixed Waste Trench Leachate – Treat in ETF.  Treat using 
pulse dryers after closure of ETF. 

#18 – Mixed Waste Trench Leachate – Treat in ETF.  Treat using 
pulse dryers after closure of ETF. 

#18 – Mixed Waste Trench Leachate – Treat in ETF.  Treat using pulse 
dryers after closure of ETF. 

Indefinite Storage No Storage Needed. No Storage Needed. Untreated onsite wastes (CH-Inorganic Solids and Debris, CH-Organic 
Solids and Debris, RH and Oversized, Lead, and Mercury wastes) 
would remain in indefinite storage in CWC.  Treated waste received 
from onsite generators in excess of existing capacity of the MLLW 
Trenches would be indefinitely stored.  Expand CWC as needed for 
onsite waste. 

Disposal Fill existing trenches, then build enhanced design MLLW trenches.  
Cap trenches as they are filled. 

Fill existing trenches, then build current design MLLW trenches.  
Cap trenches as they are filled. 

Fill existing trenches only.  Cap trenches as they are filled. 

MLLW Streams: 3 
4 
5 
6 
7 
8 

 #11 -  Treated and Ready to Dispose #13B - CH Organic Solids and Debris 
 #12B - RH and Oversized Packages #14 - Elemental Lead 
 #13A - CH Inorganic Solids and Debris #15 - Elemental Mercury 
    #18 - Mixed Waste Trench Leachate 
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Table B.3.  Transuranic Waste Alternatives 1 
2  

Alternative 1 
Modified T Plant Complex 

Alternative 2 
New M-91 Facility 

No Action 
No New Process Facilities 

Waste Volume 
(newly generated, or as received from 

retrievable storage or elsewhere) 45,806 m3    45,806 m3 45,806 m3 

Storage Newly generated, retrieved, and existing inventory waste 
would be stored in CWC or T Plant.  Oversized and RH wastes 
will remain in the LLBGs until processed.  

Newly generated, retrieved, and existing inventory waste 
would be stored in CWC or T Plant.  Oversized and RH wastes 
will remain in the LLBGs until processed. 

Newly generated, retrieved, and existing inventory waste 
would be stored in CWC or T Plant until processing and/or 
transportation and disposal capacity is available.  As necessary, 
RH waste would be placed in casks to shield them to CH 
levels.  Additional storage capacity would be built as needed. 

Treatment 
Characterize, Process, and Certify (by Waste 
Stream) 

 
#4 – Waste from Trenches – All TRU waste would be 
processed in WRAP or in Modified T Plant Complex. 

 
#4 – Waste from Trenches – All waste would be processed in 
WRAP or utilizing the New M-91 Facility. 

#4 – Waste from Trenches – Retrieved CH TRU standard 
containers would be processed at WRAP.  RH and oversize 
wastes would remain in the trenches. 

 #5 – Waste from Caissons would be processed utilizing the 
Modified T Plant Complex. 

#5 – Waste from Caissons would be processed utilizing the 
New M-91 Facility. 

#5 – Waste from Caissons would be placed into storage with 
no processing or certification available. 

 #8 – PCB waste – Processed through a Modified T Plant 
Complex. 

#8 – PCB waste – Processed through a New M–91 Facility.  #8 – PCB waste – No processing or certification available. 

 #9 – CH – Std – Process through WRAP. #9 – CH – Std – Process through WRAP. #9 – CH – Std – Process through WRAP. 

 #10A – CH – Non-Std – Processed utilizing Modified T Plant 
Complex. 

#10A – CH – Non-Std – Processed utilizing the New M-91 
Facility. 

#10A – CH –  Non-Std – No processing or certification 
available. 

 #10B – RH – Processed utilizing Modified T Plant Complex. #10B – CH – Non-Std – Processed utilizing the New M-91 
Facility. 

#10B – RH – No processing or certification available. 

 #17 – K-Basin Sludge – Processed utilizing Modified T Plant 
Complex. 

#17 – K-Basin Sludge – Processed utilizing the New M-91 
Facility. 

#17 – K-Basin Sludge – No processing or certification 
available. 

Indefinite Storage None. None. Unprocessed waste would remain in storage.  Waste in storage 
would include:  CH – Non-Standard containers, RH waste, 
PCB, K-Basin Sludge, retrieved waste from the trenches that 
could not be processed in WRAP, and retrieved caisson waste. 

Disposal Certified waste shipped to WIPP. Certified waste shipped to WIPP. Certified waste shipped to WIPP. 
3 
4 
5 
6 
7 
8 
9 

 
TRU Waste Streams 
 #4 - Waste from Trenches #10A - Newly Generated and Existing CH Non-Standard Containers 
 #5 - Waste from Caissons #10B - Newly Generated and Existing RH 
 #8 - Commingled PCB Waste #17 - K Basin Sludge 
 #9 - Newly Generated and Existing CH Standard Containers 
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B.4 HSW EIS Waste Processing Assumptions 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

 
 Planning for the management of LLW, MLLW, and TRU waste at the Hanford Site has been ongoing 
for several years and has been documented in Anderson and Konynenbelt (1995), Sederburg (1997), and 
most recently in a strategic plan (DOE-RL 2001).  These documents formed the bases for the waste 
processing assumptions used to develop annual and life-cycle waste flows through facilities for each 
alternative.   These assumptions determine which facilities a particular waste stream is sent to, how much 
waste is sent, when the waste is sent, and what happens to the waste in that facility.  A summary of these 
assumptions by alternative is provided below. 
 
B.4.1 Low-Level Waste Assumptions by Alternative 
 
 The LLW assumptions are contained in Tables B.4 through B.6. 
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Table B.4.  Assumptions for Low-Level Waste Alternative 1 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be verified and packaged for disposal.  
Disposal activities such as Repackage into HICs and In-Trench Grouting will 
continue through 2046.  

Alternative 1 will be analyzed using the lower and upper bound volumes. 

1 Category 1 
LLW 

The majority of Cat 1 LLW will be sent directly to the LLBGs for disposal.   

Disposal of RH Cat 1 LLW results in a 3 to 1 volume increase due to handling 
criteria.   

A 5% fraction of the CH Cat 1 LLW in drums and boxes will be selected for 
verification at WRAP.  Large boxes are assumed to be verified at the generating 
facility.  Of the waste selected for verification, 10% is assumed to require glovebox 
processing.  Drums will be processed in WRAP; boxes in the T Plant Complex.  
Drum processing results in a 60% volume decrease due mainly to compaction.  
Boxes would not be compacted and therefore processing results in a 50% volume 
increase. 

175 m3 of CH MLLW is assumed to be reclassified as CH Cat 1 LLW and disposed 
of in FY 2002 (80 m3) and FY 2003 (95 m3).  These volumes have been included in 
the disposal estimates. 

2 Category 3 
LLW 

Cat 3 LLW requires either Repackaging in HICs or In-Trench Grouting to provide 
additional stabilization prior to disposal in the LLBGs.  These options are 
considered equally viable for CH waste and rather than limit the amount of waste 
that can be sent to either option, the impacts will be analyzed assuming 100% of the 
CH Cat 3 LLW will undergo each operation.  It is assumed that In-Trench Grouting 
would not be appropriate for RH Cat 3 LLW.  Repackaging in HICs and Trench 
Grouting are assumed to result in a 3 to 1 increase for CH waste and a 5 to 1 
increase for RH waste. 

A 5% fraction of the CH Cat 3 LLW in drums and boxes will be selected for 
verification at WRAP.  Large boxes are assumed to be verified at the generating 
facility.  Of the waste selected for verification, 10% is assumed to require glovebox 
processing.  Drums will be processed in WRAP; boxes in the T-Plant Complex.  
Drum processing results in a 60% volume decrease due mainly to compaction.  
Boxes would not be compacted and therefore processing results in a 50% volume 
increase. 

3 GTC3 GTC3 volume estimates were not available for analysis; however, these waste 
streams would be managed in a manner similar to the Cat 3 LLW. 

6 Non- 
Conforming 
LLW 

Non-Conforming LLW currently stored in CWC will be sent to Commercial 
Treatment Facilities in 2008 for treatment, which is assumed to double the waste 
volume.  The treated waste will be sent directly to the LLBGs. 

20 Previously 
Buried Waste in 
the LLBGs 

The current inventory of waste in the LLBGs is assumed to remain in the LLBGs in 
its current state. 

 3 
4 
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Table B.5.  Assumptions for Low-Level Waste Alternative 2 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be verified and packaged for disposal.  
Disposal activities such as Repackage into HICs and In-Trench Grouting will 
continue through 2046.  

Alternative 2 will be analyzed using the Lower and upper bound volumes. 

1 Category 1 
LLW 

The majority of Cat 1 LLW will be sent directly to the LLBGs for disposal.   

Disposal of RH Cat 1 LLW results in a 3 to 1 volume increase due to handling 
criteria.   

A 5% fraction of the CH Cat 1 LLW in drums and boxes will be selected for 
verification at WRAP.  Large boxes are assumed to be verified at the generating 
facility.  Of the waste selected for verification, 10% is assumed to require glovebox 
processing.  Drums will be processed in WRAP; boxes in the T-Plant Complex.  
Drum processing results in a 60% volume decrease due mainly to compaction.  
Boxes would not be compacted and therefore processing results in a 50% volume 
increase. 

175 m3 of CH MLLW is assumed to be reclassified as CH Cat 1 LLW and disposed 
of in FY 2002 (80 m3) and FY 2003 (95 m3).  These volumes have been included in 
the disposal estimates. 

2 Category 3 
LLW 

Cat 3 LLW requires either Repackaging in HICs or In-Trench Grouting to provide 
additional stabilization prior to disposal in the LLBGs.  These options are 
considered equally viable for CH waste and rather than limit the amount of waste 
that can be sent to either option, the impacts will be analyzed assuming 100% of the 
CH Cat 3 LLW will undergo each operation.  It is assumed that In-Trench Grouting 
would not be appropriate for RH Cat 3 LLW.  Repackaging in HICs and Trench 
Grouting are assumed to result in a 3 to 1 increase for CH waste and a 5 to 1 
increase for RH waste. 

A 5% fraction of the CH Cat 3 LLW in drums and boxes will be selected for 
verification at WRAP.  Large boxes are assumed to be verified at the generating 
facility.  Of the waste selected for verification, 10% is assumed to require glovebox 
processing.  Drums will be processed in WRAP; boxes in the T-Plant Complex.  
Drum processing results in a 60% volume decrease due mainly to compaction.  
Boxes would not be compacted and therefore processing results in a 50% volume 
increase. 

3 GTC3 GTC3 volume estimates were not available for analysis; however, these waste 
streams would be managed in a manner similar to the Cat 3 LLW. 

6 Non-
Conforming 
LLW 

Non-Conforming LLW currently stored in CWC will be sent to New Facility with 
M-91 Capability in 2008 for treatment, which is assumed to double the waste 
volume.  (Note:  Treatment of this waste stream is not part of the M-91 Capability; 
however, this facility is assumed to have the capability to treat this waste stream.) 
The treated waste will be sent directly to the Low-Level Burial Grounds. 

20 Previously 
Buried Waste in 
the LLBGs 

The current inventory of waste in the LLBGs is assumed to remain in the LLBGs in 
its current state. 
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Table B.6.  Assumptions for Low-Level Waste No Action Alternative 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be verified and packaged for disposal.  
Disposal activities such as Repackage into HICs and In-Trench Grouting will 
continue through 2046. 

The No Action Alternative will be analyzed using the lower bound volumes only. 

1 Category 1 
LLW 

The majority of Cat 1 LLW will be sent directly to the LLBGs for disposal.   
 
Disposal of RH Cat 1 LLW results in a 3 to 1 volume increase due to handling 
criteria.   
A 5% fraction of the CH Cat 1 LLW in drums and boxes will be selected for 
verification at WRAP.  Large boxes are assumed to be verified at the generating 
facility.  Of the waste selected for verification, 10% is assumed to require glovebox 
processing.  Drums will be processed in WRAP; boxes in the T-Plant Complex.  
Drum processing results in a 60% volume decrease due mainly to compaction.  
Boxes would not be compacted and therefore processing results in a 50% volume 
increase. 

175 m3 of CH MLLW is assumed to be reclassified as CH Cat 1 LLW and disposed 
of in FY 2002 (80 m3) and FY 2003 (95 m3).  These volumes have been included in 
the disposal estimates. 

2 Category 3 
LLW 

Cat 3 LLW requires either Repackaging in HICs or In-Trench Grouting to provide 
additional stabilization prior to disposal in the LLBGs.  These options are 
considered equally viable for CH waste and rather than limit the amount of waste 
that can be sent to either option, the impacts will be analyzed assuming 100% of the 
CH Cat 3 LLW will undergo each operation.  It is assumed that In-Trench Grouting 
would not be appropriate for RH Cat 3 LLW.  Repackaging in HICs and Trench 
Grouting are assumed to result in a 3 to 1 increase for CH waste and a 5 to 1 
increase for RH waste. 

A 5% fraction of the CH Cat 3 LLW in drums and boxes will be selected for 
verification at WRAP.  Large boxes are assumed to be verified at the generating 
facility.  Of the waste selected for verification, 10% is assumed to require glovebox 
processing.  Drums will be processed in WRAP; boxes in the T-Plant Complex.  
Drum processing results in a 60% volume decrease due mainly to compaction.  
Boxes would not be compacted and therefore processing results in a 50% volume 
increase. 

3 GTC3 GTC3 volume estimates were not available for analysis; however, these waste 
streams would be managed in a manner similar to the Cat 3 LLW. 

6 Non-
Conforming 
LLW 

Non-Conforming LLW currently stored in the CWC will remain in storage 
throughout the operating period of the solid waste program (2046). 

20 Previously 
Buried Waste in 
the LLBGs 

The current inventory of waste in the LLBGs is assumed to remain in the LLBGs in 
its current state. 

3 

Draft HSW EIS April 2002 B.12



 

B.4.2 Mixed Low-Level Waste Assumptions by Alternative 1 
2 
3 
4 
5 
6 

 
 The Mixed Low-Level Waste assumptions are contained in Table B.7 through B.9. 
 

Table B.7.  Assumptions for Mixed Low-Level Waste Alternative 1 
 

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be treated, verified, and packaged for 
disposal.   

Alternative 1 will be analyzed using the Lower and upper bound volumes. 

11 Treated and 
Ready for 
Disposal 

A 10% fraction of the CH MLLW currently stored or received in a form suitable 
for disposal will be sent to WRAP for verification.  Of the current inventory 
selected for verification, 20% is assumed to be verified each year from FY 2002 to 
FY 2006.  Newly generated waste will be verified in the year it is received. 

20% of the current inventory will be disposed of each year from FY 2002 to 
FY 2006.  Newly generated waste will be disposed in the year it is received. 

175 m3 of currently stored MLLW is expected to be reclassified as LLW and 
disposed in the LLBGs in FY 2002 (80 m3) and FY 2003 (95 m3). 

175 m3 of failed melters from the high-level waste and low-activity waste 
vitrification facilities are assumed to be received for direct disposal from 2009 to 
2028 and 2010 to 2028 respectively. 

Existing MLLW Trench capacity is assumed to be 22,900 m3 of CH waste per 
trench.  One cubic meter of RH waste is assumed to displace 5.725 m3 of CH 
waste.  Once the existing trenches are filled, additional trenches utilizing the 
enhanced (wider and deeper) design will be constructed.  In addition, a unique 
trench will be constructed for disposal of the vitrification melters. 

12 RH & 
Oversized 
Packages 

RH & Oversized Packages will be treated in the Modified T Plant Complex 
beginning in 2016.  The processing rate will be a constant quantity (171 m3/yr) 
sufficient to process all waste by 2032.  Treated waste will be disposed of in the 
existing MLLW trenches and newly constructed enhanced (wider and deeper) 
trenches. 

13A CH Inorganic 
Solids and 
Debris 

10% of the waste will be verified at WRAP.  Inventory waste will be verified over 
a 5-year period at a constant rate starting in 2002; newly generated waste and 
waste returning from Commercial Treatment Facilities will be verified in the year 
received or treated. 

CH Inorganic Solids and Debris will be sent offsite to Commercial Treatment 
Facilities for non-thermal treatment beginning in 2003.  The treatment rates will 
be a constant quantity (813 m3/yr) sufficient to reduce the storage inventory to 
zero by 2012.  (Note:  The current target is to reduce the CH MLLW inventory to 
zero by 2014; however, a constant treatment rate through 2014 results in a 
negative inventory for this waste stream.  Therefore, the rate has been set to 
reduce the inventory to zero in 2012.)  After 2012, wastes will be treated as 
generated.  Treatment is assumed to double the waste volume for disposal.  
Treated waste will be disposed of in the existing MLLW trenches and newly 
constructed enhanced (wider and deeper) trenches. 
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Table B.7.  (contd) 1 
2  

Stream # Description Assumptions 

13B CH Organic 
Solids and 
Debris 

10% of the waste will be verified at WRAP.  Inventory waste will be verified over 
a 5-year period at a constant rate starting in 2002; newly generated waste and 
waste returning from Commercial Treatment Facilities will be verified in the year 
received or treated. 

CH Organic Solids and Debris will be sent offsite to Commercial Treatment 
Facilities for thermal treatment beginning in 2003.  The treatment rates will be a 
constant quantity (417 m3/yr) sufficient to reduce the storage inventory to zero by 
2014.  After 2014, wastes will be treated as generated.  Treatment is not expected 
to change the waste volume for disposal.  Treated waste will be disposed of in the 
existing MLLW trenches and newly constructed enhanced (wider and deeper) 
trenches. 

14 Elemental Lead Elemental Lead will be sent to Commercial Treatment Facilities for non-thermal 
treatment beginning in 2003.  The treatment rates will be a constant quantity 
(46 m3/yr) sufficient to reduce the storage inventory to zero by 2014.  After 2014, 
wastes will be treated as generated.  Treatment is assumed to double the waste 
volume for disposal.  Treated waste will be disposed of in the existing MLLW 
trenches and newly constructed enhanced (wider and deeper) trenches. 

15 Elemental 
Mercury 

Elemental Mercury will be sent to Commercial Treatment Facilities for non-
thermal treatment beginning in 2003.  The treatment rates will be a constant 
quantity (2 m3/yr) sufficient to reduce the storage inventory to zero by 2014.  
After 2014, wastes will be treated as generated.  Treatment is assumed to result in 
a 15 to 1 increase in the waste volume for disposal.  Treated waste will be 
disposed of in the existing MLLW trenches and newly constructed enhanced 
(wider and deeper) trenches. 

18 MLLW Trench 
Leachate 

Leachate from the MLLW trenches will be collected and sent to the Effluent 
Treatment Facility for treatment and disposal through 2025.  After 2025, pulse 
driers will be used to treat the leachate. 

 3 
4 
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Table B.8.  Assumptions for Mixed Low-Level Waste Alternative 2 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be treated, verified, and packaged for 
disposal.   

Alternative 2 will be analyzed using the Lower and upper bound volumes. 

11 Treated and 
Ready for 
Disposal 

A 10% fraction of the CH MLLW currently stored or received in a form suitable 
for disposal will be sent to WRAP for verification.  Of the current inventory 
selected for verification, 20% is assumed to be verified each year from FY 2002 to 
FY 2006.  Newly generated waste will be verified in the year it is received. 

20% of the current inventory will be disposed of each year from FY 2002 to 
FY 2006.  Newly generated waste will be disposed in the year it is received. 

175 m3 of currently stored MLLW is expected to be reclassified as LLW and 
disposed in the LLBGs in FY 2002 (80 m3) and FY 2003 (95 m3). 

175 m3 of failed melters from the high-level waste and low-activity waste 
vitrification facilities are assumed to be received for direct disposal from 2009 to 
2028 and 2010 to 2028 respectively. 

Existing MLLW Trench capacity is assumed to be 22,900 m3 of CH waste per 
trench.  One cubic meter of RH waste is assumed to displace 5.725 m3 of CH 
waste.  Once the existing trenches are filled, additional trenches utilizing the 
current trench design will be constructed.  In addition, a unique trench will be 
constructed for disposal of the vitrification melters.  

12 RH & 
Oversized 
Packages 

RH & Oversized Packages will be treated in the New M-91 Facility beginning in 
2016.  The processing rate will be a constant quantity (171 m3/yr) sufficient to 
process all waste by 2032.  Treated waste will be disposed of in the existing 
MLLW trenches and newly constructed trenches of the current design. 

13A CH Inorganic 
Solids and 
Debris 

10% of the waste will be verified at WRAP.  Inventory waste will be verified over 
a 5-year period at a constant rate starting in 2002; newly generated waste will be 
verified in the year received. 

CH Inorganic Solids and Debris will be sent to the New M-91 Facility for non-
thermal treatment beginning in 2008.  (Note:  Treatment of this waste stream is 
not part of the M-91 Capability; however, this facility is assumed to have the 
capability to treat this waste stream.)  The treatment rates will be a constant 
quantity (1,479 m3/yr) sufficient to reduce the storage inventory to zero by 2014.  
After 2014, wastes will be treated as generated.  Treatment is assumed to double 
the waste volume for disposal.  Treated waste will be disposed of in the existing 
MLLW trenches and newly constructed trenches of the current design. 
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Table B.8.  (contd) 1 
2  

Stream # Description Assumptions 

13B CH Organic 
Solids and 
Debris 

10% of the waste will be verified at WRAP.  Inventory waste will be verified over 
a 5-year period at a constant rate starting in 2002; newly generated waste and 
waste returning from Commercial Treatment Facilities will be verified in the year 
received or treated. 

CH MLLW will be treated according to the minimum amounts required in the 
current thermal contract; the options available under this contract will not be 
included.  The current thermal treatment contract is for 120 m3 per year from 
2003-2005.  (Note:  The contract period includes FY 2002; however, due to 
financial issues at the treatment vendor, it is unlikely waste will be treated in 
FY 2002.)  Treated waste will be disposed of in the MLLW trenches. 

Waste that is not treated under the current contracts will be sent to the New M-91 
Facility for treatment beginning in 2008.  (Note:  Treatment of this waste stream is 
not part of the M-91 Capability; however, this facility is assumed to have the 
capability to treat this waste stream.)  The treatment rates will be a constant 
quantity (663 m3/yr) sufficient to reduce the storage inventory to zero by 2014.  
After 2014, wastes will be treated as generated.  Treatment is not expected to 
change the waste volume for disposal.  Treated waste will be disposed of in the 
existing MLLW trenches and newly constructed trenches of the current design. 

14 Elemental Lead Elemental Lead will be sent to the New M-91 Facility for non-thermal treatment 
beginning in 2008.  (Note:  Treatment of this waste stream is not part of the M-91 
Capability, however, this facility is assumed to have the capability to treat this 
waste stream.)  The treatment rates will be a constant quantity (79 m3/yr) 
sufficient to reduce the storage inventory to zero by 2014.  After 2014, wastes will 
be treated as generated.  Treatment is assumed to double the waste volume for 
disposal.  Treated waste will be disposed of in the existing MLLW trenches and 
newly constructed trenches of the current design. 

15 Elemental 
Mercury 

Elemental Mercury will be sent to the New M-91 Facility for non-thermal 
treatment beginning in 2008.  (Note:  Treatment of this waste stream is not part of 
the M-91 Capability, however, this facility is assumed to have the capability to 
treat this waste stream.)  The treatment rates will be a constant quantity (3 m3/yr) 
sufficient to reduce the storage inventory to zero by 2014.  After 2014, wastes will 
be treated as generated.  Treatment is assumed to result in a 15 to 1 increase in the 
waste volume for disposal.  Treated waste will be disposed of in the existing 
MLLW trenches and newly constructed trenches of the current design. 

18 MLLW Trench 
Leachate 

Leachate from the MLLW trenches will be collected and sent to the Effluent 
Treatment Facility for treatment and disposal through 2025.  After 2025, pulse 
driers will be used to treat the leachate. 
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Table B.9.  Assumptions for Mixed Low-Level Waste No Action Alternative 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be treated, verified, and packaged for 
disposal.   

The No Action Alternative will be analyzed using the lower bound volumes only.

11 Treated and 
Ready for 
Disposal 

A 10% fraction of the CH MLLW currently stored or received in a form suitable 
for disposal will be sent to WRAP for verification.  Of the current inventory 
selected for verification, 20% is assumed to be verified each year from FY 2002 
to FY 2006.  Newly generated waste will be verified in the year it is received. 

20% of the current inventory will be disposed of each year from FY 2002 to 
FY 2006.  Newly generated waste will be disposed in the year it is received. 

175 m3 of currently stored MLLW is expected to be reclassified as LLW and 
disposed in the LLBGs in FY 2002 (80 m3) and FY 2003 (95 m3). 

175 m3 of failed melters from the high-level waste and low-activity waste 
vitrification facilities are assumed to be received for direct disposal from 2009 to 
2028 and 2010 to 2028 respectively. 

Existing MLLW Trench capacity is assumed to be 22,900 m3 of CH waste per 
trench.  One cubic meter of RH waste is assumed to displace 5.725 m3 of CH 
waste.  Once the existing trenches are filled, wastes ready for disposal will be 
placed in CWC. 

12 RH & Oversized 
Packages 

RH & Oversized Packages will be stored in the CWC throughout the operating 
period of the solid waste program (2046). 

13A CH Inorganic 
Solids and 
Debris 

10% of the waste will be verified at WRAP.  Inventory waste will be verified 
over a 5-year period at a constant rate starting in 2002; newly generated waste 
will be verified in the year received.  Upon completion of verification, waste will 
be stored in CWC. 

13B CH Organic 
Solids and 
Debris 

10% of the waste will be verified at WRAP.  Inventory waste will be verified 
over a 5-year period at a constant rate starting in 2002; newly generated waste 
and waste returning from Commercial Treatment Facilities will be verified in the 
year received or treated. 

CH MLLW will be treated according to the minimum amounts required in the 
current thermal contract; the options available under this contract will not be 
included.  The current thermal treatment contract is for 120 m3 per year from 
2003-2005.  (Note:  The contract period includes FY 2002, however, due to 
financial issues at the treatment vendor, it is unlikely waste will be treated in 
FY 2002.)  Treated waste will be disposed of in the MLLW trenches. 

Waste that is not treated under the current contracts will remain in CWC storage 
indefinitely. 

14 Elemental Lead Elemental Lead will be stored in the CWC throughout the operating period of the 
solid waste program (2046). 

15 Elemental 
Mercury 

Elemental Mercury will be stored in the CWC throughout the operating period of 
the solid waste program (2046). 
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Table B.9.  (contd) 1 
2  

Stream # Description Assumptions 

18 MLLW Trench 
Leachate 

Leachate from the MLLW trenches will be collected and sent to the Effluent 
Treatment Facility for treatment and disposal through 2025.  After 2025, pulse 
driers will be used to treat the leachate. 

 3 
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B.4.3 Post-1970 Transuranic Waste Assumptions by Alternative 1 
2 
3 
4 
5 
6 

 
 The Post-1970 TRU Waste assumptions are contained in Tables B.10 through B.12. 
 

Table B.10.  Assumptions for Post-1970 Transuranic Waste Alternative 1 
 
Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be verified, certified, and packaged for 
shipment.   

4 Waste in 
Trenches 

TRU waste retrievably stored in the LLBG trenches is assumed to be retrieved from the 
LLBGs.  Waste in drums will be moved to CWC for storage while waste in boxes and RH 
waste will be sent directly to the treatment facility as capacity becomes available.  Retrieved 
CH waste in drums will be processed in WRAP; retrieved waste in boxes and RH waste will 
be processed in the Modified T Plant Complex.  All waste will be shipped to WIPP for 
disposal. 

Retrieval 
Waste retrieval will not be analyzed in the HSW EIS, however, some assumptions were 
made regarding retrieval to estimate subsequent storage, processing, and disposition 
impacts. 

From 2002 to 2006, the retrieval rate is assumed to be 732 m3 per year.  From 2007 to 2014, 
the rate will increase to 1,361 m3 per year.  Although some boxes and RH waste are likely 
to be encountered throughout the retrieval efforts, to simplify the analysis it has been 
assumed that all CH drums are retrieved followed by all CH boxes and finally RH waste.  
CH drums will be moved to CWC for storage prior to processing.  CH boxes and RH waste 
is assumed to be overpacked and stored in the retrieval trench until processing capacity is 
available. 

During retrieval the contents of the CH drums will be determined to be either LLW or TRU 
waste.  50% of this waste is expected to be reclassified as LLW and remain in the trench as 
disposed waste. 

Processing 
Retrievably stored CH drums will be processed in WRAP at a rate (338 m3/yr) sufficient to 
work off the inventory by the startup of the M-91 capability in 2013.  Drum processing in 
WRAP will result in a LLW Cat. 1 volume equal to 10% of the TRU volume. 

CH waste in boxes and RH waste will be processed in the Modified T Plant Complex.  
Waste processing in the Modified T Plant Complex is expected to reduce the volume of 
TRU by approximately 10% and generate volumes of LLW and MLLW roughly 30% and 
2% of the original volume respectively.  A portion (approximately 30%) of the LLW 
generated during RH waste processing is assumed to be LLW Cat. 3.  The Modified T Plant 
Complex will process CH waste starting in 2013 and RH waste in 2015.  The processing 
rate will be a constant quantity (366 m3/yr CH and 10 m3/yr RH) sufficient to process all 
waste by 2032.  A ramp up in capacity of one-third the first year and two-thirds the second 
was assumed for CH processing.  No ramp up is assumed for RH as the facility will have 
experience with RH waste from processing the K Basins Sludge. 

Shipment to WIPP 
Waste is assumed to be shipped to WIPP in the year it is processed. 
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Table B.10.  (contd) 
 

Stream # Description Assumptions 

5 Waste in 
Caissons 

TRU waste retrievably stored in Caissons is assumed to be retrieved and shipped directly to 
the Modified T Plant Complex for processing.   

Retrieval 
Waste retrieval will not be analyzed in the HSW EIS; however, some assumptions were 
made regarding retrieval to estimate subsequent storage, processing, and disposition 
impacts. 

Caisson retrieval is assumed to occur from 2015 to 2018 at a rate of 6 m3 per year. 

Processing 
Caisson wastes will be processed immediately after retrieval in the Modified T Plant 
Complex at a constant rate from 2015 to 2018.  Processing will result in a 2 to 1 volume 
increase. 

Shipment to WIPP 
Waste is assumed to be shipped to WIPP in the year it is processed. 

8 Commingled 
PCB Waste 

Commingled PCB waste will be processed in the Modified T Plant Complex beginning in 
2013.  The processing rate will be a constant quantity (5 m3/yr) sufficient to process all 
waste by 2032 with a ramp up in capacity of 1/3 the first year and 2/3 the second.  Waste is 
assumed to be shipped to WIPP in the year it is processed. 

9 Newly 
Generated and 
Existing CH 
Standard 
Containers 

CH TRU waste in drums and SWBs will be stored in CWC awaiting certification in WRAP 
and shipment to WIPP.  WRAP will process newly generated and existing drums in above 
ground storage at a constant rate through 2032 (197 m3 NDE/NDA and 25 m3 glovebox).  
SWBs will be processed as generated through 2007 (average 250 m3/yr).  After 2007, the 
rate will be constant at 801 m3/yr.  This rate will result in all TRU waste in SWBs being 
shipped to WIPP by 2032. 

5% of drums assayed are assumed to be reclassified as LLW. 

10% of newly generated drums and 35% of existing drums certified in WRAP will require 
glovebox processing.  Glovebox processing will result in a 10% volume increase. 

Waste is assumed to be shipped to WIPP in the year it is processed. 

10A Newly 
Generated and 
Existing CH 
Oversized 
Containers 

CH waste in oversized containers will be processed in the Modified T Plant Complex 
beginning in 2013.  The processing rate will be a constant quantity (57 m3/yr) sufficient to 
process all waste by 2032 with a ramp up in capacity of one-third the first year and two-
thirds the second.  Processing will result in a 5% increase in the volume of TRU and 
generate a volume of LLW equal to 20% of the original waste volume.  Waste is assumed 
to be shipped to WIPP in the year it is processed. 

10B Newly 
Generated and 
Existing RH 

RH waste will be processed in the Modified T Plant Complex beginning in 2015.  The 
processing rate will be a constant quantity (121 m3/yr) sufficient to process all waste by 
2032.  No ramp up is assumed as the facility will have experience with RH waste from 
processing the K Basins Sludge.  Processing will result in a 5% increase in the volume of 
TRU and generate a volume of LLW equal to 20% of the original waste volume.  Waste is 
assumed to be shipped to WIPP in the year it is processed. 

17 K Basins 
Sludge 

K Basins Sludge wastes will be treated in the Modified T Plant Complex in 2013 and 2014.  
One-third of the waste will be treated in 2013 and two-thirds in 2014.  Processing will 
result in a 3 to 1 volume increase.  Waste is assumed to be shipped to WIPP in the year it is 
processed. 
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Table B.11.  Assumptions for Post-1970 Transuranic Waste Alternative 2 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be verified, certified, and packaged for 
shipment.   

4 Waste in 
Trenches 

TRU waste retrievably stored in the LLBG trenches is assumed to be retrieved from the 
LLBGs.  Waste in drums will be moved to CWC for storage while waste in boxes and RH 
waste will be sent directly to the treatment facility as capacity becomes available.  Retrieved 
CH waste in drums will be processed in WRAP; retrieved waste in boxes and RH waste will 
be processed in the New M-91 Facility.  All waste will be shipped to WIPP for disposal. 

Retrieval 
Waste retrieval will not be analyzed in the HSW EIS; however, some assumptions were 
made regarding retrieval to estimate subsequent storage, processing, and disposition 
impacts. 

From 2002 to 2006, the retrieval rate is assumed to be 732 m3 per year.  From 2007 to 2014, 
the rate will increase to 1,361 m3 per year.  Although some boxes and RH waste are likely 
to be encountered throughout the retrieval efforts, to simplify the analysis it has been 
assumed that all CH drums are retrieved followed by all CH boxes and finally RH waste.  
CH drums will be moved to CWC for storage prior to processing.  CH boxes and RH waste 
is assumed to be overpacked and stored in the retrieval trench until processing capacity is 
available. 

During retrieval the contents of the CH drums will be determined to be either LLW or TRU 
waste.  50% of this waste is expected to be reclassified as LLW and remain in the trench as 
disposed waste. 

Processing 
Retrievably stored CH drums will be processed in WRAP at a rate (338 m3/yr) sufficient to 
work off the inventory by the startup of the New M-91 Facility in 2013.  Drum processing 
in WRAP will result in a LLW Cat. 1 volume equal to 10% of the TRU volume. 

CH waste in boxes and RH waste will be processed in the New Facility with M-91 
Capability.  Waste processing in the New M-91 Facility is expected to reduce the volume of 
TRU by approximately 10% and generate volumes of LLW and MLLW roughly 30% and 
2% of the original volume respectively.  A portion (approximately 30%) of the LLW 
generated during RH waste processing is assumed to be LLW Cat. 3.  The New Facility will 
process CH waste starting in 2013 and RH waste in 2015.  The processing rate will be a 
constant quantity (366 m3/yr CH and 10 m3/yr RH) sufficient to process all waste by 2032.  
A ramp up in capacity of one-third the first year and two-thirds the second was assumed for 
CH processing.  No ramp up is assumed for RH as the facility will have experience with RH 
waste from processing the K Basins Sludge. 

Shipment to WIPP 
Waste is assumed to be shipped to WIPP in the year it is processed. 
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1  
Table B.11.  (contd) 

 

Stream # Description Assumptions 

5 Waste in 
Caissons 

TRU waste retrievably stored in Caissons is assumed to be retrieved and shipped directly to 
the New M-91 Facility for processing.   

Retrieval 
Waste retrieval will not be analyzed in the HSW EIS; however, some assumptions were 
made regarding retrieval to estimate subsequent storage, processing, and disposition 
impacts. 

Caisson retrieval is assumed to occur from 2015 to 2018 at a rate of 6 m3 per year. 

Processing 
Caisson wastes will be processed immediately after retrieval in the New M-91 Facility at a 
constant rate from 2015 to 2018.  Processing will result in a 2 to 1 volume increase. 

Shipment to WIPP 
Waste is assumed to be shipped to WIPP in the year it is processed. 

8 Commingled 
PCB Waste 

Commingled PCB waste will be processed in the New M-91 Facility beginning in 2013.  
The processing rate will be a constant quantity (5 m3/yr) sufficient to process all waste by 
2032 with a ramp up in capacity of one-third the first year and two-thirds the second.  
Waste is assumed to be shipped to WIPP in the year it is processed. 

9 Newly 
Generated and 
Existing CH 
Standard 
Containers 

CH TRU waste in drums and SWBs will be stored in CWC awaiting certification in WRAP 
and shipment to WIPP.  WRAP will process newly generated and existing drums in above 
ground storage at a constant rate through 2032 (197 m3 NDE/NDA and 25 m3 glovebox).  
SWBs will be processed as generated through 2007 (average 250 m3/yr).  After 2007, the 
rate will be constant at 801 m3/yr.  This rate will result in all TRU waste in SWBs being 
shipped to WIPP by 2032. 

5% of drums assayed are assumed to be reclassified as LLW. 

10% of newly generated drums and 35% of existing drums certified in WRAP will require 
glovebox processing.  Glovebox processing will result in a 10% volume increase. 

Waste is assumed to be shipped to WIPP in the year it is processed. 

10A Newly 
Generated and 
Existing CH 
Oversized 
Containers 

CH waste in oversized containers will be processed in the New M-91 Facility beginning in 
2013.  The processing rate will be a constant quantity (57 m3/yr) sufficient to process all 
waste by 2032 with a ramp up in capacity of 1/3 the first year and 2/3 the second.  
Processing will result in a 5% increase in the volume of TRU and generate a volume of 
LLW equal to 20% of the original waste volume.  Waste is assumed to be shipped to WIPP 
in the year it is processed. 

10B Newly 
Generated and 
Existing RH 

RH waste will be processed in the New M-91 Facility beginning in 2015.  The processing 
rate will be a constant quantity (121 m3/yr) sufficient to process all waste by 2032.  No 
ramp up is assumed as the facility will have experience with RH waste from processing the 
K Basins Sludge.  Processing will result in a 5% increase in the volume of TRU and 
generate a volume of LLW equal to 20% of the original waste volume.  Waste is assumed to 
be shipped to WIPP in the year it is processed. 

17 K Basins 
Sludge 

K Basins Sludge wastes will be treated in the New M-91 Facility in 2013 and 2014.  One-
third of the waste will be treated in 2013 and two-thirds in 2014.  Processing will result in a 
3 to 1 volume increase.  Waste is assumed to be shipped to WIPP in the year it is processed.

2 

Draft HSW EIS April 2002 B.22



 

Table B.12.  Assumptions for Post-1970 Transuranic Waste No Action Alternative 1 
2  

Stream # Description Assumptions 

NA General 
Comments 

All waste received after 2032 is assumed to be verified, certified, and packaged for 
shipment.   

4 Waste in 
Trenches 

TRU waste retrievably stored in the LLBG trenches is assumed to be retrieved and 
moved to CWC for storage.  Retrieved CH waste in drums will be processed in 
WRAP and shipped to WIPP for disposal.  Retrieved waste in boxes and RH waste 
will remain in CWC. 

Retrieval 
Waste retrieval will not be analyzed in the HSW EIS; however, some assumptions 
were made regarding retrieval to estimate subsequent storage, processing, and 
disposition impacts. 

From 2002 to 2006, the retrieval rate is assumed to be 732 m3 per year.  From 2007 
to 2014, the rate will increase to 1,361 m3 per year.  Although some boxes and RH 
waste are likely to be encountered throughout the retrieval efforts, to simplify the 
analysis it has been assumed that all CH drums are retrieved followed by all CH 
boxes and finally RH waste.  In this alternative, all retrieved waste will be moved to 
CWC for storage. 

During retrieval the contents of the CH drums will be determined to be either LLW or 
TRU waste.  50% of this waste is expected to be reclassified as LLW and remain in 
the trench as disposed waste. 

Processing 
Retrievably stored CH drums will be processed in WRAP at a rate (338 m3/yr).  
Drum processing in WRAP will result in a LLW Cat. 1 volume equal to 10% of the 
TRU volume. 

CH waste in boxes and RH waste will not be processed and will remain in CWC 
storage. 

Shipment to WIPP 
Waste is assumed to be shipped to WIPP in the year it is processed. 

5 Waste in 
Caissons 

TRU waste retrievably stored in Caissons is assumed to be retrieved and moved to 
CWC for storage.   

Retrieval 
Waste retrieval will not be analyzed in the HSW EIS; however, some assumptions 
were made regarding retrieval to estimate subsequent storage, processing, and 
disposition impacts. 

Caisson retrieval is assumed to occur from 2015 to 2018 at a rate of 6 m3 per year. 

Processing 
Caisson waste will not be processed and will remain in CWC storage. 

8 Commingled 
PCB Waste 

Commingled PCB Waste will be stored in the CWC throughout the operating period 
of the solid waste program (2046). 

 B.23 Draft HSW EIS April 2002 



 

Table B.12.  (contd) 
 

Stream # Description Assumptions 

9 Newly 
Generated and 
Existing CH 
Standard 
Containers 

CH TRU waste in drums and SWBs will be stored in CWC awaiting certification in 
WRAP and shipment to WIPP.  WRAP will process newly generated and existing 
drums in above ground storage at a constant rate through 2032 (197 m3 NDE/NDA 
and 25 m3 glovebox).  SWBs will be processed as generated through 2007 (average 
250 m3/yr).  After 2007, the rate will be constant at 801 m3/yr.  This rate will result 
in all TRU waste in SWBs being shipped to WIPP by 2032. 

5% of drums assayed are assumed to be reclassified as LLW. 

10% of newly generated drums and 35% of existing drums certified in WRAP will 
require glovebox processing.  Glovebox processing will result in a 10% volume 
increase. 

Waste is assumed to be shipped to WIPP in the year it is processed. 

10A Newly 
Generated and 
Existing CH 
Oversized 
Containers 

Newly Generated and Existing CH Oversized Containers will be stored in the CWC 
throughout the operating period of the solid waste program (2046). 

10B Newly 
Generated and 
Existing RH 

Newly Generated and Existing RH waste will be stored in the CWC throughout the 
operating period of the solid waste program (2046). 

17 K Basins 
Sludge 

K Basins sludge will be stored in the T Plant Complex throughout the operating 
period of the solid waste program (2046). 

1 
2 
3 
4 
5 
6 
7 
8 
9 

 
 
B.5 Waste Volumes 
 
Tables B.13 through B.17 summarize the waste volumes to be managed by waste stream under each of 
the alternatives for LLW, MLLW, and TRU waste, respectively.  Section 2.1 in the body of the EIS can 
be consulted for text descriptions of each waste stream and Appendix C contains additional information 
regarding the development of the waste volumes. 
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Table B.13.  Low-Level Waste Lower Bound Volumes (m3)(a, b) 

Stream 
Number Stream Name 

Inventory/
Disposed 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012-
2046 Total 

1               LLW Cat 1 18,944 3,429 4,290 4,181 3,770 4,241 3,493 4,241 4,998 4,196 4,275 47,825 107,883
2                LLW Cat 3 2,773 1,048 769 727 676 568 559 552 366 362 1,530 31,403 41,333

G
6               Non-Conforming 299 0 0 0 0 0 0 0 0 0 0 0 299

20 Previously Buried 283,067 Not Applicable 283,067 

(a) To obtain cubic yards, multiply by 1.308. 
(b) Rounded to the nearest cubic meter in this table for calculational convenience; significant figures are not meant to indicate the accuracy of the numbers. 

3 TC3 <1            <1 

 
 

Table B.14.  Low-Level Waste Upper Bound Volumes (m3)(a, b) 

Stream 
Number Stream Name 

Inventory/
Disposed 2002          2003 2004 2005 2006 2007 2008 2009 2010 2011

2012-
2046 Total 

1               LLW Cat 1 18,944 3,429 4,290 24,103 23,692 24,163 23,415 24,163 7,409 6,591 7,882 119,048 287,129
2               LLW Cat 3 2,773 1,048 769 2,905 2,854 2,747 2,737 2,730 630 624 1,925 39,190 60,932
3       GTC3 <1 <1
6    0 0 0 0 0 0 0 0 0 0 Non-Conforming 299 0 299 

20 Previously Buried 283,067 Not Applicable 283,067 

(a) To obtain cubic yards, multiply by 1.308. 
(b) Rounded to the nearest cubic meter in this table for calculational convenience; significant figures are not meant to indicate the accuracy of the numbers. 
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Table B.15.  Mixed Low-Level Waste Lower Bound Volumes (m3)(a, b) 
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Stream 
Number Stream Name 

Inventory/
Disposed 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012-
2046 Total 

11 Treated & Ready 
for Disposal 

2,112             704 142 691 1,183 863 1,111 1,612 2,339 2,486 2,963 18,704 34,910

12               RH & Oversized 65 175 136 127 111 97 43 56 112 118 123 1,743 2,906
13A              CH Inorganic

Solids & Debris 
 3,172 403 417 441 426 377 329 368 385 381 688 12,724 20,111

13B              CH Organic
Solids & Debris 

 2,553 237 198 251 192 189 162 173 203 192 155 2,284 6,789

14               Elemental Lead 445 14 10 11 10 11 8 9 10 9 6 65 608
15              Elemental

Mercury 
 13 0 0 0 0 1 1 1 1 1 1 1 20

18 MW Leachate Dependent on alternative chosen 
(a) To obtain cubic yards, multiply by 1.308. 
(b) Rounded to the nearest cubic meter in this table for calculational convenience; significant figures are not meant to indicate the accuracy of the numbers. 

 
Table B.16.  Mixed Low-Level Waste Upper Bound Volumes (m3)(a, b) 

Stream 
Number               Stream Name

Inventory/
Disposed 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012-
2046 Total

11 Treated & Ready 
for Disposal 

2,112  704 142 20,190 20,683 20,363 20,610 21,112 3,860 3,791 4,270 57,407 175,244

12 RH & Oversized 65 175 136 127 111 97 43 56 112 118 123 1,743 2,906 
13A     CH Inorganic

Solids & Debris 
3,172 403 417 441 426 377 329 368 385 381 688 12,724 20,111

13B     CH Organic
Solids & Debris 

2,553 237 198 251 192 189 162 173 203 192 155 2,284 6,789

14    0 9 6 65Elemental Lead 445 14 10 11 10 11 8 9 1 608 
15  13 0 0 0 0 1 1 1 1 1 1 1 20 Elemental

Mercury 
18 MW Leachate Dependent on alternative chosen 

(a) To obtain cubic yards, multiply by 1.308. 
(b) Rounded to the nearest cubic meter in this table for calculational convenience; significant figures are not meant to indicate the accuracy of the numbers. 
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Table B.17.  Post-1970 Transuranic Waste Volumes (m3)(a, b) 

Stream 
Number Stream Name 

Inventory/
Disposed 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012-
2046 Total 

4               Waste from
Trenches 

14,552 0 0 0 0 0 0 0 0 0 0 0 14,552

5               Waste from
Caissons 

23 0 0 0 0 0 0 0 0 0 0 0 23

8               Commingled
PCB Waste 

80 15 0 0 0 0 0 0 0 0 0 0 95

9               CH Standard
Containers 

849 418 428 587 486 752 896 1,519 1,518 1,503 1,438 17,334 27,728

10A               CH Non-Standard
Containers 

585 0 0 0 0 0 0 0 0 0 0 492 1,077

10B               RH Waste 46 270 144 130 131 130 64 72 72 180 158 794 2,191
17               K Basins Sludge 0 0 64 70 6 0 0 0 0 0 0 0 140

(a) To obtain cubic yards, multiply by 1.308. 
(b) Rounded to nearest cubic meter in this table for calculational convenience; significant figures are not meant to indicate the accuracy of the numbers. 
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B.6 Waste Stream Flowsheets 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

 
 Detailed information about how each waste steam will be managed is provided in the balance of this 
appendix, in flowsheets that identify the facilities to be used and the volumes of waste that would pass 
through that facility over the period of analysis (through 2046).  The flowsheets are organized first by 
waste type, then by alternative, and finally by waste stream.  An index to the flowsheets is shown in 
Table B.18. 
 

Table B.18.  Identification of Flowsheets 
 

Waste Type Alternative Volume Page Numbers 

LLW Alternative 1 Lower Bound B.29 to B.31 

LLW Alternative 1 Upper Bound B.31 to B.33 

LLW Alternative 2 Lower Bound B.34 to B.36 

LLW Alternative 2 Upper Bound B.36 to B.38 

LLW No Action Lower Bound B.39 to B.41 

MLLW Alternative 1 Lower Bound B.41 to B.44 

MLLW Alternative 1 Upper Bound B.44 to B.47 

MLLW Alternative 2 Lower Bound B.47 to B.50 

MLLW Alternative 2 Upper Bound B.50 to B.53 

MLLW No Action Lower Bound B.53 to B.56 

TRU Waste Alternative 1 Upper Bound B.56 to B.59 

TRU Waste Alternative 2 Upper Bound B.60 to B.63 

TRU Waste No Action Upper Bound B.63 to B.66 

 11 
12 
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LLW Alternative 1  – Lower Bound Volumes
Stream 1

LLW Category 1

158 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

Enhanced 
Design LLW 

Trenches

336 m3

505 m3

4,069 m3 70 m3

28 m3

88,939 m3

WRAP 
Glovebox

3,662 m3

RH 
Handling

10 m3 31 m3

84,870 m3

From #11:  MLLW 
Ready for Disposal 

3,708 m3

18 m3

85,049 m3

Waste received after 2032 is assumed to be verified by the 
generator and will not be sent to WRAP.
175 m3 of MLLW Ready for Disposal is expected to be 
reclassified and disposed as LLW.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

Total Verification:
Total Disposal:
Ending Inventory:

4,069 m3

108,205 m3

0 m3

18,944 m3

0 m3

88,939 m3

107,883 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 1  – Lower Bound Volumes
Stream 2

LLW Category 3

Total Verification:
Total Stabilized:
Total Disposal:
Ending Inventory:

1,528 m3

38,630 m3

133,837 m3

0 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

146 m3

219 m3

1,528 m3 7 m3

3 m3

38,560 m3

WRAP 
Glovebox

1,375 m3

37,032 m3 HICs or In-
Trench Grouting

131,064 m3

1,378 m3

Enhanced 
Design LLW 

Trenches

Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

2,773 m3

0 m3

38,560 m3

41,333 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 1  – Lower Bound Volumes

Stream 3
Greater Than Category 3 Waste

CWC 
Inventory 
and Newly 
Generated

HICs or In-
Trench Grouting

WRAP 
Verification

Enhanced 
Design LLW 

Trenches

Total Stabilized:
Total Disposal:
Ending Inventory:

<1 m3

<1 m3

0 m3

<1 m3

0 m3

<1 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 1  – Lower Bound Volumes
Stream 6

LLW – Non-Conforming

CWC 
Inventory

Commercial 
Treatment
Facilities

Enhanced 
Design LLW 

Trenches

598 m3299 m3

Total Treatment:
Total Disposal:
Ending Inventory:

299 m3

598 m3

0 m3

299 m3

0 m3

299 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 1  – Lower Bound Volumes
Stream 20

LLW – Previously Buried

LLBGs
Inventory

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

283,067 m3

0 m3

283,067 m3

0 m3

283,067 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 1 – Upper Bound Volumes
Stream 1

LLW Category 1

158 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

Enhanced Design 
LLW Trenches

1,003 m3

1,504 m3

11,941 m3 191 m3

77 m3

268,185 m3

WRAP 
Glovebox

10,747 m3

RH 
Handling

107 m3 321 m3

256,244 m3

From #11:  MLLW 
Ready for Disposal 

10,841 m3

18 m3

256,617 m3

Waste received after 2032 is assumed to be verified by the 
generator and will not be sent to WRAP.
175 m3 of MLLW Ready for Disposal is expected to be 
reclassified and disposed as LLW.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

Total Verification:
Total Disposal:
Ending Inventory:

11,941 m3

287,906 m3

0 m3

18,944 m3

0 m3

268,184 m3

287,129 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 1 – Upper Bound Volumes
Stream 2

LLW Category 3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

195 m3

292 m3

2,327 m3

38 m3

15 m3

58,159 m3

WRAP 
Glovebox

2,094 m3

55,832 m3 HICs or In-
Trench Grouting

191,605 m3

2,109 m3

Enhanced Design 
LLW Trenches

Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:Total Verification:
Total Stabilized:
Total Disposal:
Ending Inventory:

2,327 m
58,234 m3

191,605 m3

0 m3

3

2,773 m3

0 m3

58,159 m3

60,932 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 1 – Upper Bound Volumes

Stream 3
Greater Than Category 3 Waste

CWC 
Inventory 
and Newly 
Generated

HICs or In-
Trench Grouting

WRAP 
Verification

Enhanced 
Design LLW 

Trenches

Total Stabilized:
Total Disposal:
Ending Inventory:

<1 m3

<1 m3

0 m3

<1 m3

0 m3

<1 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 1 – Upper Bound Volumes
Stream 6

LLW – Non-Conforming

CWC 
Inventory

Commercial 
Treatment
Facilities

Enhanced 
Design LLW 

Trenches

598 m3299 m3

Total Treatment:
Total Disposal:
Ending Inventory:

299 m3

598 m3

0 m3

299 m3

0 m3

299 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 1 – Upper Bound Volumes
Stream 20

LLW – Previously Buried

LLBGs
Inventory

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

283,067 m3

0 m3

283,067 m3

0 m3

283,067 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 2  – Lower Bound Volumes
Stream 1

LLW Category 1

158 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

Current Design 
LLW Trenches

336 m3

505 m3

4,069 m3 70 m3

28 m3

88,939 m3

WRAP 
Glovebox

3,662 m3

RH 
Handling

10 m3 31 m3

84,870 m3

From #11:  MLLW 
Ready for Disposal 

3,708 m3

18 m3

85,049 m3

Waste received after 2032 is assumed to be verified by the 
generator and will not be sent to WRAP.
175 m3 of MLLW Ready for Disposal is expected to be 
reclassified and disposed as LLW.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

Total Verification:
Total Disposal:
Ending Inventory:

4,069 m3

108,205 m3

0 m3

18,944 m3

0 m3

88,939 m3

107,883 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 2  – Lower Bound Volumes
Stream 2

LLW Category 3

Total Verification:
Total Stabilized:
Total Disposal:
Ending Inventory:

1,528 m3

38,630 m3

133,837 m3

0 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

146 m3

219 m3

1,528 m3 7 m3

3 m3

38,560 m3

WRAP 
Glovebox

1,375 m3

37,032 m3 HICs or In-
Trench Grouting

131,064 m3

1,378 m3

Current Design 
LLW Trenches

Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

2,773 m3

0 m3

38,560 m3

41,333 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 2  – Lower Bound Volumes

Stream 3
Greater Than Category 3 Waste

CWC 
Inventory 
and Newly 
Generated

HICs or In-
Trench Grouting

WRAP 
Verification

Current Design 
LLW Trenches

Total Stabilized:
Total Disposal:
Ending Inventory:

<1 m3

<1 m3

0 m3

<1 m3

0 m3

<1 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 2  – Lower Bound Volumes
Stream 6

LLW – Non-Conforming

CWC 
Inventory

New M-91 
Facility

Current Design 
LLW Trenches

598 m3299 m3

Total Treatment:
Total Disposal:
Ending Inventory:

299 m3

598 m3

0 m3

299 m3

0 m3

299 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 2  – Lower Bound Volumes
Stream 20

LLW – Previously Buried

LLBGs
Inventory

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

283,067 m3

0 m3

283,067 m3

0 m3

283,067 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 2 – Upper Bound Volumes
Stream 1

LLW Category 1

158 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

Current Design 
LLW Trenches

1,003 m3

1,504 m3

11,941 m3 191 m3

77 m3

268,185 m3

WRAP 
Glovebox

10,747 m3

RH 
Handling

107 m3 321 m3

256,244 m3

From #11:  MLLW 
Ready for Disposal 

10,841 m3

18 m3

256,617 m3

Waste received after 2032 is assumed to be verified by the 
generator and will not be sent to WRAP.
175 m3 of MLLW Ready for Disposal is expected to be 
reclassified and disposed as LLW.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

Total Verification:
Total Disposal:
Ending Inventory:

11,941 m3

287,906 m3

0 m3

18,944 m3

0 m3

268,185 m3

287,129 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 2 – Upper Bound Volumes
Stream 2

LLW Category 3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

195 m3

292 m3

2,327 m3

38 m3

15 m3

58,159 m3

WRAP 
Glovebox

2,094 m3

55,832 m3 HICs or In-
Trench Grouting

191,605 m3

2,109 m3

Current Design 
LLW Trenches

Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:Total Verification:
Total Stabilized:
Total Disposal:
Ending Inventory:

2,327 m3

58,234 m3

191,605 m3

0 m3

2,773 m3

0 m3

58,159 m3

60,932 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 2 – Upper Bound Volumes

Stream 3
Greater Than Category 3 Waste

CWC 
Inventory 
and Newly 
Generated

HICs or In-
Trench Grouting

WRAP 
Verification

Current Design 
LLW Trenches

Total Stabilized:
Total Disposal:
Ending Inventory:

<1 m3

<1 m3

0 m3

<1 m3

0 m3

<1 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW Alternative 2 – Upper Bound Volumes
Stream 6

LLW – Non-Conforming

CWC 
Inventory

New M-91 
Facility

Current Design 
LLW Trenches

598 m3299 m3

Total Treatment:
Total Disposal:
Ending Inventory:

299 m3

598 m3

0 m3

299 m3

0 m3

299 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW Alternative 2 – Upper Bound Volumes
Stream 20

LLW – Previously Buried

LLBGs
Inventory

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

283,067 m3

0 m3

283,067 m3

0 m3

283,067 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW No Action Alternative
Stream 1

LLW Category 1

158 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

Current Design 
LLW Trenches

336 m3

505 m3

4,069 m3 70 m3

28 m3

88,939 m3

WRAP 
Glovebox

3,662 m3

RH 
Handling

10 m3 31 m3

84,870 m3

From #11:  MLLW 
Ready for Disposal 

3,708 m3

18 m3

85,049 m3

Waste received after 2032 is assumed to be verified by the 
generator and will not be sent to WRAP.
175 m3 of MLLW Ready for Disposal is expected to be 
reclassified and disposed as LLW.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

Total Verification:
Total Disposal:
Ending Inventory:

4,069 m3

108,205 m3

0 m3

18,944 m3

0 m3

88,939 m3

107,883 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW No Action Alternative
Stream 2

LLW Category 3

Total Verification:
Total Stabilized:
Total Disposal:
Ending Inventory:

1,528 m3

38,630 m3

133,837 m3

0 m3

Newly 
Generated

WRAP 
Verification

T Plant 
Complex

146 m3

219 m3

1,528 m3 7 m3

3 m3

38,560 m3

WRAP 
Glovebox

1,375 m3

37,032 m3 HICs or In-
Trench Grouting

131,064 m3

1,378 m3

Current Design 
LLW Trenches

Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Note:

2,773 m3

0 m3

38,560 m3

41,333 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW No Action Alternative

Stream 3
Greater Than Category 3 Waste

CWC 
Inventory 
and Newly 
Generated

HICs or In-
Trench Grouting

WRAP 
Verification

Current Design 
LLW Trenches

Total Stabilized:
Total Disposal:
Ending Inventory:

<1 m3

<1 m3

0 m3

<1 m3

0 m3

<1 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

LLW No Action Alternative
Stream 6

LLW – Non-Conforming

CWC 
Inventory

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

0 m3

299 m3

299 m3

0 m3

299 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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LLW No Action Alternative
Stream 20

LLW – Previously Buried

LLBGs
Inventory

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

283,067 m3

0 m3

283,067 m3

0 m3

283,067 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 1 – Lower Bound Volumes
Stream 11

MLLW Treated and Ready for Disposal

To LLW 
Cat. 1

18 m3

158 m3

18 m3

187 m3

26,711 m3

187 m3

Enhanced Design 
MLLW Trenches

WRAP 
Verification

Notes: Dashed lines represent waste managed as MLLW expected
to be reclassified as LLW.
Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Melter Trench6,825 m3

CWC 
Inventory, 

Waste 
Stored in 

MW 
Trenches, 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

34,732 m3

0 m3

1,010 m3

1,102 m3

32,798 m3

34,910 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 1 – Lower Bound Volumes

Stream 12
RH and Oversized Packages

CWC 
Inventory 
and Newly 
Generated

Modified
T Plant 

Complex 

2,906 m3 4,066 m3 Enhanced Design 
MLLW Trenches

Total Treatment: 2,906 m3

3

65 m3

2,841 m3

2,906 m3

Initial Inventory:
Receipts:
Waste Stream Total:

Total Disposal:
Ending Inventory:

4,066 m
0 m3

1 

MLLW Alternative 1 – Lower Bound Volumes

Stream 13A – CH Inorganic Solids and Debris
Stream 13B – CH Organic Solids and Debris

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

Commercial 
Treatment
Facilities

2,690 m3

2,690 m3

4,701 m3

13B -
6,789 m3

6,111 m3

Commercial 
Treatment
Facilities

13A -
20,111 m3

36,199 m3

WRAP 
Verification

4,701 m3

Enhanced Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

26,900 m3

47,011 m3

0 m3

5,725 m3

21,175 m3

26,900 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 1 – Lower Bound Volumes

Stream 14
Elemental Lead

CWC 
Inventory 
and Newly 
Generated

Commercial 
Treatment 
Facilities

608 m3 1,215 m3 Enhanced Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

608 m3

1,215 m3

0 m3

445 m3

163 m3

608 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 1 – Lower Bound Volumes

Stream 15
Elemental Mercury

CWC 
Inventory 
and Newly 
Generated

Commercial 
Treatment 
Facilities

20 m3 312 m3 Enhanced Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

20 m3

312 m3

0 m3

13 m3

7 m3

20 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 1 – Lower Bound Volumes

Stream 18
Mixed Waste Trench Leachate

MW Trench 
Generation

Effluent 
Treatment 

Facility

Initial Inventory:
Total Generation:
Total Treated/Disposed:
Ending Inventory:

0 m3

114,791 m3

114,791 m3

0 m3

114,791 m3

Pulse Driers43,859 m3

70,932 m3

1 

MLLW Alternative 1 – Upper Bound Volumes
Stream 11

MLLW Treated and Ready for Disposal

To LLW 
Cat. 1

18 m3

158 m3

18 m3

12,260 m3

154,973 m3

12,260 m3

Enhanced Design 
MLLW Trenches

WRAP 
Verification

Notes: Dashed lines represent waste managed as MLLW expected
to be reclassified as LLW.
Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Melter Trench6,825 m3

CWC 
Inventory, 

Waste 
Stored in 

MW 
Trenches, 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

175,069 m3

0 m3

1,010 m3

1,102 m3

173,132 m3

175,244 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 1 – Upper Bound Volumes

Stream 12
RH and Oversized Packages

CWC 
Inventory 
and Newly 
Generated

Modified
T Plant 

Complex 

2,906 m3 4,066 m3 Enhanced Design 
MLLW Trenches

65 m3

2,841 m3

2,906 m3

Initial Inventory:
Receipts:
Waste Stream Total:

Total Treatment:
Total Disposal:
Ending Inventory:

2,904 m3

4,066 m3

0 m3

1 

MLLW Alternative 1 – Upper Bound Volumes

Stream 13A – CH Inorganic Solids and Debris
Stream 13B – CH Organic Solids and Debris

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

Commercial 
Treatment
Facilities

2,690 m3

2,690 m3

4,701 m3

13B -
6,789 m3

6,111 m3

Commercial 
Treatment
Facilities

13A -
20,111 m3

36,199 m3

WRAP 
Verification

4,701 m3

Enhanced Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

26,900 m3

47,011 m3

0 m3

5,725 m3

21,175 m3

26,900 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 1 – Upper Bound Volumes

Stream 14
Elemental Lead

CWC 
Inventory 
and Newly 
Generated

Commercial 
Treatment 
Facilities

608 m3 1,215 m3 Enhanced Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

608 m3

1,215 m3

0 m3

445 m3

163 m3

608 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 1 – Upper Bound Volumes

Stream 15
Elemental Mercury

CWC 
Inventory 
and Newly 
Generated

Commercial 
Treatment 
Facilities

20 m3 312 m3 Enhanced Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

20 m3

312 m3

0 m3

13 m3

7 m3

20 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 1 – Upper Bound Volumes

Stream 18
Mixed Waste Trench Leachate

MW Trench 
Generation

Effluent 
Treatment 

Facility

Initial Inventory:
Total Generation:
Total Treated/Disposed:
Ending Inventory:

0 m3

186,695 m3

186,695 m3

0 m3

186,695 m3

Pulse Driers82,637 m3

104,058 m3

1 

MLLW Alternative 2 – Lower Bound Volumes
Stream 11

MLLW Treated and Ready for Disposal

To LLW 
Cat. 1

18 m3

158 m3

18 m3

187 m3

26,711 m3

187 m3

Current Design 
MLLW Trenches

WRAP 
Verification

Notes: Dashed lines represent waste managed as MLLW expected
to be reclassified as LLW.
Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Melter Trench6,825 m3

CWC 
Inventory, 

Waste 
Stored in 

MW 
Trenches, 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

34,732 m3

0 m3

1,010 m3

1,102 m3

32,798 m3

34,910 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 2 – Lower Bound Volumes

Stream 12
RH and Oversized Packages

CWC 
Inventory 
and Newly 
Generated

New M-91 
Facility 

2,906 m3 4,066 m3 Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

2,906 m3

4,066 m3

0 m3

65 m3

2,841 m3

2,906 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 2 – Lower Bound Volumes

Stream 13A – CH Inorganic Solids and Debris
Stream 13B – CH Organic Solids and Debris

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

Commercial 
Thermal 

Treatment

2,690 m3

2,690 m3

36 m3

13B -
360 m3

324 m3

New M-91 
Facility

13A, 13B -
26,541 m3

46,651 m3

WRAP 
Verification

36 m3

Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

26,900 m3

47,011 m3

0 m3

5,725 m3

21,175 m3

26,900 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 2 – Lower Bound Volumes

Stream 14
Elemental Lead

CWC 
Inventory 
and Newly 
Generated

New M-91 
Facility

608 m3 1,215 m3 Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

608 m3

1,215 m3

0 m3

445 m3

163 m3

608 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 2 – Lower Bound Volumes

Stream 15
Elemental Mercury

CWC 
Inventory 
and Newly 
Generated

New M-91 
Facility

20 m3 312 m3 Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

20 m3

312 m3

0 m3

13 m3

7 m3

20 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 

 B.49 Draft HSW EIS April 2002 



 

MLLW Alternative 2 – Lower Bound Volumes

Stream 18
Mixed Waste Trench Leachate

MW Trench 
Generation

Effluent 
Treatment 

Facility

Initial Inventory:
Total Generation:
Total Treated/Disposed:
Ending Inventory:

0 m3

128,491 m3

128,491 m3

0 m3

128,491 m3

Pulse Driers52,142 m3

76,349 m3

1 

MLLW Alternative 2 – Upper Bound Volumes
Stream 11

MLLW Treated and Ready for Disposal

To LLW 
Cat. 1

18 m3

158 m3

18 m3

Current Design 
MLLW Trenches

WRAP 
Verification

Notes: Dashed lines represent waste managed as MLLW expected
to be reclassified as LLW.
Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Melter Trench6,825 m3

CWC 
Inventory, 

Waste 
Stored in 

MW 
Trenches, 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

175,069 m3

0 m3

1,010 m3

1,102 m3

173,132 m3

175,244 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

12,260 m3

154,973 m3

12,260 m3

2 
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MLLW Alternative 2 – Upper Bound Volumes

Stream 12
RH and Oversized Packages

CWC 
Inventory 
and Newly 
Generated

New M-91 
Facility 

2,906 m3 4,066 m3 Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

2,906 m3

4,066 m3

0 m3

65 m3

2,841 m3

2,906 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 2 – Upper Bound Volumes

Stream 13A – CH Inorganic Solids and Debris
Stream 13B – CH Organic Solids and Debris

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

Commercial 
Thermal 

Treatment

2,690 m3

2,690 m3

36 m3

13B -
360 m3

324 m3

New M-91 
Facility

13A, 13B -
26,541 m3

46,651 m3

WRAP 
Verification

36 m3

Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

26,900 m3

47,011 m3

0 m3

5,725 m3

21,175 m3

26,900 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 2 – Upper Bound Volumes

Stream 14
Elemental Lead

CWC 
Inventory 
and Newly 
Generated

New M-91 
Facility

608 m3 1,215 m3 Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

608 m3

1,215 m3

0 m3

445 m3

163 m3

608 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW Alternative 2 – Upper Bound Volumes

Stream 15
Elemental Mercury

CWC 
Inventory 
and Newly 
Generated

New M-91 
Facility

20 m3 312 m3 Current Design 
MLLW Trenches

Total Treatment:
Total Disposal:
Ending Inventory:

21 m3

312 m3

0 m3

13 m3

7 m3

20 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW Alternative 2 – Upper Bound Volumes

Stream 18
Mixed Waste Trench Leachate

MW Trench 
Generation

Effluent 
Treatment 

Facility

Initial Inventory:
Total Generation:
Total Treated/Disposed:
Ending Inventory:

0 m3

153,336 m3

153,336 m3

0 m3

Pulse Driers61,584 m3

91,752 m3

153,336 m3

1 

MLLW No Action Alternative 
Stream 11

MLLW Treated and Ready for Disposal

Existing 
MLLW 

Trenches

To LLW 
Cat. 1

24,976 m3 25,268 m3

18 m3

158 m3

18 m3

187 m3

8,560 m3

CWC 
Indefinite 
Storage

8,673 m3

74 m3

113 m3CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

Notes: Dashed lines represent waste managed as MLLW expected
to be reclassified as LLW.
Waste received after 2032 is assumed to be verified 
by the generator and will not be sent to WRAP.
Waste disposed from FY99 to FY01 is not shown in the
diagram but is included in the summary of Total Disposal.

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

9,683 m3

25,050 m3

1,010 m3

1,102 m3

32,798 m3

34,910 m3

Disposed FY99-01:
Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW No Action Alternative 
Stream 12

RH and Oversized Packages

CWC 
Inventory 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

0 m3

2,906 m3

65 m3

2,841 m3

2,906 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW No Action Alternative 

Streams 13A - CH Inorganic Solids and Debris
Stream 13 B - CH Organic Solids and Debris

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

Commercial 
Thermal 

Treatment

2,690 m3

2,690 m3

36 m3

13B -
360 m3

324 m3 Existing 
MLLW 

Trenches

WRAP 
Verification

36 m3

Total Treatment:
Total Disposal:
Ending Inventory:

360 m3

360 m3

26,541 m3

5,725 m3

21,175 m3

26,900 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW No Action Alternative 
Stream 14

Elemental Lead

CWC 
Inventory 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

0 m3

608 m3

445 m3

163 m3

608 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

MLLW No Action Alternative 
Stream 15

Elemental Mercury

CWC 
Inventory 
and Newly 
Generated

Total Treatment:
Total Disposal:
Ending Inventory:

0 m3

0 m3

20 m3

13 m3

7 m3

20 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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MLLW No Action Alternative 

Stream 18
Mixed Waste Trench Leachate

MW Trench 
Generation

Effluent 
Treatment 

Facility

Initial Inventory:
Total Generation:
Total Treated/Disposed:
Ending Inventory:

0 m3

18,576 m3

18,576 m3

0 m3

18,576 m3

Pulse Driers2,090 m3

16,486 m3

1 

TRU Waste Alternative 1

Stream 4
TRU - Waste from Trenches

Trench 
Inventory

Retrieval 
Operations

WRAP 
Verification/

Glovebox
WIPP

Remain in 
LLBGs as LLW

Head Gas 
Sampling

7,125 m3

Assayed in trench as LLW - 3,714 m3

Enhanced Design 
LLW Trenches

Modified T Plant 
Complex

Enhanced Design 
MLLW Trenches

WIPP6,371 m3

HICs or In-
Trench Grouting

24 m3 72 m32,357 m3

169 m3

14,552 m3

3,714 m3 3,714 m3 3,714 m3

371 m3

Total Processed:
Total Disposal:
Ending Inventory:

10,938 m3

10,185 m3

0 m3

14,552 m3

0 m3

14,552 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 1

Stream 5
TRU - Waste from Caissons

Caisson 
Inventory

Retrieval 
Operations

23 m3 23 m3
WIPPModified T Plant 

Complex
46 m3

Total Processed:
Total Disposal:
Ending Inventory:

23 m3

46 m3

0 m3

23 m3

0 m3

23 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste Alternative 1

CWC 
Inventory 
and Newly 
Generated

Stream 8
TRU - Commingled PCB Waste

95 m3
WIPPModified T Plant 

Complex
95 m3

Total Processed:
Total Disposal:
Ending Inventory:

80 m3

95 m3

0 m3

80 m3

15 m3

95 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 1
Stream 9

TRU – Newly Generated and Existing CH Standard 
Containers

27,604 m3

26,518 m3

27,500 m3

781 m3

305 m3

859 m3

124 m3

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

WRAP 
Glovebox

Enhanced Design 
LLW Trenches

Head Gas 
Sampling WIPP

Waste received after 2032 is assumed to be certified by the 
generator and will not be sent to WRAP.
It is assumed that WIPP or another offsite disposal facility will 
be available after 2032.

Note:Total Processed:
Total Disposal:
Ending Inventory:

27,604 m3

27,500 m3

0 m3

849 m3

26,879 m3

27,728 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste Alternative 1
Stream 10A

TRU – Newly Generated and Existing CH Non-
Standard Containers

CWC 
Inventory 
and Newly 
Generated

1,077 m3
WIPPModified T Plant 

Complex

Enhanced Design 
LLW Trenches

215 m3

1,133 m3

Total Processed:
Total Disposal:
Ending Inventory:

1,077 m3

1,133 m3

0 m3

585 m3

492 m3

1,077 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 1

CWC 
Inventory 
and Newly 
Generated

2,187 m3

Stream 10B
TRU – Newly Generated and Existing RH Waste

WIPP

4 m3

Note:  Waste received after 2032 is assumed to be certified by the generator 
and will not be sent to the Modified T Plant facility.
It is assumed that WIPP or another offsite disposal facility will be 
available after 2032.

Enhanced Design 
LLW Trenches

437 m3

2,187 m3Modified T Plant 
Complex

Total Processed:
Total Disposal:
Ending Inventory:

2,187 m3

2,191 m3

0 m3

46 m3

2,145 m3

2,191 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste Alternative 1

Newly 
Generated

T Plant 
Complex 
Storage

140 m3

Stream 17
TRU – K-Basin Sludge

WIPPModified T Plant 
Complex

140 m3 418 m3

Total Processed:
Total Disposal:
Ending Inventory:

140 m3

418 m3

0 m3

0 m3

140 m3

140 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 2

Stream 4
TRU - Waste from Trenches

Trench 
Inventory

Retrieval 
Operations

WRAP 
Verification/

Glovebox
WIPP

Remain in 
LLBGs as LLW

Head Gas 
Sampling

7,125 m3

Assayed in trench as LLW - 3,714 m3

Current Design 
LLW Trenches

New M-91 
Facility

Current Design 
MLLW Trenches

WIPP6,371 m3

HICs or In-
Trench Grouting

24 m3 72 m32,357 m3

169 m3

14,552 m3

3,714 m3 3,714 m3 3,714 m3

371 m3

Total Processed:
Total Disposal:
Ending Inventory:

10,938 m3

10,185 m3

0 m3

14,552 m3

0 m3

14,552 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste Alternative 2

Stream 5
TRU - Waste from Caissons

Caisson 
Inventory

Retrieval 
Operations

23 m3 23 m3
WIPPNew M-91 

Facility
46 m3

Total Processed:
Total Disposal:
Ending Inventory:

23 m3

46 m3

0 m3

23 m3

0 m3

23 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 2

CWC 
Inventory 
and Newly 
Generated

Stream 8
TRU - Commingled PCB Waste

95 m3
WIPPNew M-91 Facility 95 m3

Total Processed:
Total Disposal:
Ending Inventory:

80 m3

95 m3

0 m3

80 m3

15 m3

95 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste Alternative 2
Stream 9

TRU – Newly Generated and Existing CH Standard 
Containers

27,604 m3

26,518 m3

27,500 m3

781 m3

305 m3

859 m3

124 m3

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

WRAP 
Glovebox

Current Design 
LLW Trenches

Head Gas 
Sampling WIPP

Waste received after 2032 is assumed to be certified by the 
generator and will not be sent to WRAP.
It is assumed that WIPP or another offsite disposal facility will 
be available after 2032.

Note:Total Processed:
Total Disposal:
Ending Inventory:

27,604 m3

27,500 m3

0 m3

849 m3

26,879 m3

27,728 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 2
Stream 10A

TRU – Newly Generated and Existing CH Non-
Standard Containers

CWC 
Inventory 
and Newly 
Generated

1,077 m3
WIPPNew M-91 

Facility

Current Design 
LLW Trenches

215 m3

1,133 m3

Total Processed:
Total Disposal:
Ending Inventory:

1,077 m3

1,133 m3

0 m3

585 m3

492 m3

1,077 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste Alternative 2

CWC 
Inventory 
and Newly 
Generated

2,187 m3

Stream 10B
TRU – Newly Generated and Existing RH Waste

WIPP

4 m3

Note:  Waste received after 2032 is assumed to be certified by the generator 
and will not be sent to the Modified T Plant facility.
It is assumed that WIPP or another offsite disposal facility will be 
available after 2032.

Current Design 
LLW Trenches

437 m3

2,187 m3New M-91 
Facility

Total Processed:
Total Disposal:
Ending Inventory:

2,187 m3

2,191 m3

0 m3

46 m3

2,145 m3

2,191 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste Alternative 2

Newly 
Generated

T Plant 
Complex 
Storage

140 m3

Stream 17
TRU – K-Basin Sludge

WIPPNew M-91 
Facility

140 m3 418 m3

Total Processed:
Total Disposal:
Ending Inventory:

140 m3

418 m3

0 m3

0 m3

140 m3

140 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste No Action Alternative
Stream 4

TRU - Waste from Trenches

Trench 
Inventory

Retrieval 
Operations

WRAP 
Verification/

Glovebox
WIPP

Remain in 
LLBGs as LLW

Head Gas 
Sampling

14,552 m3

3,714 m3

7,125 m3

Assayed in trench as LLW - 3,714 m3

3,714 m3 3,714 m3

CWC 
Indefinite 
Storage

Current Design 
LLW Trenches

371 m3

Total Processed:
Total Disposal:
Ending Inventory:

3,714 m3

3,714 m3

7,125 m3

14,552 m3

0 m3

14,552 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste No Action Alternative
Stream 5

TRU - Waste from Caissons

Caisson 
Inventory

Retrieval 
Operations

23 m3
CWC 

Indefinite 
Storage

23 m3

Total Processed:
Total Disposal:
Ending Inventory:

0 m3

0 m3

23 m3

23 m3

0 m3

23 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste No Action Alternative

CWC 
Inventory 
and Newly 
Generated

Stream 8
TRU - Commingled PCB Waste

CWC 
Indefinite 
Storage

95 m3

Total Processed:
Total Disposal:
Ending Inventory:

0 m3

0 m3

95 m3

80 m3

15 m3

95 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste No Action Alternative
Stream 9

TRU – Newly Generated and Existing CH Standard 
Containers

27,604 m3

26,518 m3

27,500 m3

781 m3

305 m3

859 m3

124 m3

CWC 
Inventory 
and Newly 
Generated

WRAP 
Verification

WRAP 
Glovebox

Current Design 
LLW Trenches

Head Gas 
Sampling WIPP

Waste received after 2032 is assumed to be certified by the 
generator and will not be sent to WRAP.
It is assumed that WIPP or another offsite disposal facility will 
be available after 2032.

Note:Total Processed:
Total Disposal:
Ending Inventory:

27,604 m3

27,500 m3

0 m3

849 m3

26,879 m3

27,728 m3

Initial Inventory:
Receipts:
Waste Stream Total:

1 

TRU Waste No Action Alternative

CWC 
Inventory 
and Newly 
Generated

CWC 
Indefinite 
Storage

1,077 m3

Stream 10A
TRU – Newly Generated and Existing CH Non-

Standard Containers

Total Processed:
Total Disposal:
Ending Inventory:

0 m3

0 m3

1,077 m3

585 m3

492 m3

1,077 m3

Initial Inventory:
Receipts:
Waste Stream Total:

2 
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TRU Waste No Action Alternative

CWC 
Inventory 
and Newly 
Generated

CWC 
Indefinite 
Storage

2,191 m3

Stream 10B
TRU – Newly Generated and Existing RH Waste

Total Processed:
Total Disposal:
Ending Inventory:

0 m3

0 m3

2,191 m3

46 m3

2,145 m3

2,191 m3

Initial Inventory:
Receipts:
Waste Stream Total:

 1 
2 
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Description of Waste Volumes for the Hanford Site Solid 
(Radioactive and Hazardous) Waste Program EIS 

 
 
 The waste volumes used in the Hanford Site Solid (Radioactive and Hazardous) Waste Program 
Environmental Impact Statement (HSW EIS) are based on analysis of the waste type options considered 
in the following sources:  the Solid Waste Integrated Forecast Technical (SWIFT) Report (Barcot 1999, 
2002), the Solid Waste Information and Tracking System (SWITS) (FH 2002), the Waste Management 
Programmatic Environmental Impact Statement (WM PEIS) (DOE 1997), and Accelerating Cleanup:  Paths 
to Closure (ACPC) (DOE 1998).  These sources are believed to include all low-level waste (LLW), mixed 
low-level waste (MLLW), and transuranic (TRU) waste that potentially could be shipped to Hanford for 
processing or disposal.  In addition, a review of potential offsite waste receipts was conducted by the U.S. 
Department of Energy Richland Operations Office (DOE-RL) to determine lower and upper bound cases. 
 
 Throughout the development of the HSW EIS, the waste volumes have been periodically reviewed to 
ensure the volumes used for analysis are representative of the latest available information.  A recent 
comparison to the most recent versions of the SWIFT Report and the Integrated Planning, Accountability 
and Budgeting System (IPABS) https://ipabs-is.em.doe.gov/ipabs/ showed that the LLW and MLLW 
volumes developed in FY 1999 and FY 2000 were only slightly different than the most up-to-date 
information and that these volumes could continue to be used.  Estimates for TRU waste, however, had 
increased substantially from previous estimates.  Therefore, updated information was obtained from the 
SWIFT Report (Barcot 2002) to more accurately reflect the currently projected quantity of waste to be 
generated. 
 
 The HSW EIS used two different sets of volume data to assess the environmental impacts associated 
with 1) implementing various site-specific actions and 2) receiving additional offsite waste.  The first set 
of data is defined as the lower bound volume and includes the following: 
 

• Existing waste in storage as of October 1, 2001, per the SWITS database version 01.01.00. 
 

• Forecasted LLW and MLLW from onsite and offsite generators as defined in the 1999 SWIFT Report 
(Barcot 1999). 

 
• Forecasted TRU waste from onsite and offsite generators as defined in the 2002 SWIFT Report 

(Barcot 2002). 
 

• Estimates of spent vitrification melters obtained from an Interface Control Document (ICD) 
(BNFL 1999) prepared under a contract to privatize the vitrification of high-level tank waste.  These 
estimates were later reviewed against current plans for a DOE-owned facility to ensure the numbers 
contained in the ICD provided a bounding analysis.  
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 The second set of data is defined as the upper bound volume and includes the lower bound volume as 
well as future offsite waste not reported in the SWIFT Report, but that may be managed at the Hanford 
Site.  These potential additional offsite volumes were identified in the ACPC and reviewed by DOE-RL.  
The following section presents the lower bound volume obtained from the sources mentioned above and 
describes the methodology for determining the upper bound volume. 
 
C.1 Volume Identification, Review, and Selection Methodology 
 
 Each data source was reviewed using the following criteria: 
 

• Currency of the data (for example, which reference was the most recent) 
 

• Estimate duration (for example, was the forecast for the full life cycle or 20 years) 
 

• Previous shipments to Hanford (for example, did the waste generator have an established shipping 
agreement) 

 
• Previous shipments to Nevada Test Site (NTS) (for example, if the generator already shipped to NTS, 

it was likely that future shipments would continue to go to NTS.) 
 
 Final selection of offsite waste generators and the forecast volume data were determined by a 
DOE-RL review.  This review consisted of discussions with other DOE sites and DOE Headquarters to 
verify the amount of waste to be disposed of and to determine the likelihood of waste volumes being sent 
to Hanford.  Unless alternate disposition pathways were clearly the preferred option, waste volumes were 
included in the upper bound volume to ensure a bounding assessment.  Table C.1 contains a comparison 
of the various volume sources and the results of the DOE-RL review. 
 
 The following sections delineate the volumes by waste type that are used in the HSW EIS and the 
assumptions used in developing the volumes. 
 
C.2 Low-Level Waste 
 
 The lower bound volume includes all inventory and disposed waste as of October 2001 (or the 
existing waste in the Low Level Burial Grounds [LLBGs] and in storage), onsite life-cycle forecasted 
waste, and additional forecasted offsite waste from generators currently shipping to the Hanford Site.  
Table C.2 displays the lower bound volume for LLW. 
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Table C.1. Comparison of Waste Management Programmatic Environmental Impact Statement, 
Environmental Management Integration, Sitewide Integrated Forecast Technical Report, and 
DOE-RL-Confirmed Waste Volumes (m

1 
2 
3 
4 

3) 
 

DOE-RL 
Waste 
Type Reporting/Generating Site 

WM PEIS
20 Yrs 

WM PEIS 
to 2050 

ACPC 
Disposition 

Maps 
Lower 
Bound 

Upper 
Bound 

Ames Laboratory (Ames, Iowa)  34 86 97 75 75
Argonne National Laboratory-East 4,455 10,394 12,960 11,366 11,366
Battelle Memorial Institute (Columbus, Ohio) 9,192 9,192 1,478 774 774
Bettis Atomic Power Laboratory   549 549
Bettis Atomic Power Shipyards   1 1
Brookhaven National Laboratory 23,179 30,934 1,090 1,574 14,894
Energy Technology Engineering Center 3,401 3,401 2,355 1,428 1,428
Fermi National Accelerator Laboratory  1,490 1,627 1,627
Fernald Environmental Management Project 83,591 83,591  0
General Atomics 337 337 704 0 0
General Electric Vallencitos 20 20  20
Grand Junction Projects Office 55 55  55
Hanford Site 148,530 230,924 98,760 411,764 411,764
Idaho National Engineering and Environmental 
Laboratory 6,419 24,860 50,873 6,419
Inhalation Toxicology Research Institute 670 1,693 2,344 670
Knolls Atomic Power Shipyards   356 356
Los Alamos National Laboratory 25,235 73,045  0
Lawrence Berkeley National Laboratory 209 348 434 174 174
Laboratory for Energy-Related Health 
Research/University of California at Davis 1,996 7,421 0 0
Lawrence Livermore National Laboratory 10,975 27,310  10,975
Massachusetts Institute of Technology/Bates 
Linear Accelerator Center  39 11 11
Mound Plant 64,177 64,177  0
Oak Ridge National Laboratory 78,883 202,219 259,830 78,883
Paducah Gaseous Diffusion Plant 4,379 4,379  46 46
Pantex Facility 1,205 1,329 1,198 1,205
Portsmouth Gaseous Diffusion Plant 2,031 2,031  0 0
Princeton Plasma Physics Laboratory 688 1,480 2,572 2,081 2,081
Rocky Flats Plant 65,033 65,033 396 65,033
Sandia National Laboratories 2,748 4,193 5,745 2,748
Separations Process Research Unit 8,220 8,220  8,220
Stanford Linear Accelerator Center  774 756 756

LLW 

West Valley Nuclear Services 11,297 11,297  11,297
LLW 
Total  556,959 860,540 450,560 432,582 631,427

5 
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Table C.1.  (contd) 1 
2 

3 
4 
5 

 

 

DOE-RL 
Waste 
Type Reporting/Generating Site 

WM PEIS 
20 Yrs 

WM PEIS 
to 2050 

ACPC 
Disposition 

Maps 
Lower 
Bound 

Upper 
Bound 

MLLW Battelle Memorial Institute (Columbus, Ohio) 9 <1 <1
 Energy Technology Engineering Center 1,365 1,365  1,365
 Hanford Site 69,225 99,074 72,217 65,244 65,244

 
Idaho National Engineering and Environmental 
Laboratory 196 196
 Knolls Atomic Power Laboratory  6 6
 Los Alamos National Laboratory 3,373 3,373  3,373
 Oak Ridge National Laboratory 25,462 55,323 68,625 55,323
 Paducah Gaseous Diffusion Plant 2,672 2,681 1,730 2,681
 Pearl Harbor Naval Shipyard  <1 <1
 Portsmouth Gaseous Diffusion Plant 2,933 2,933  2,933

 Princeton Plasma Physics Laboratory 2 91 91
 Puget Sound Naval Shipyard  3 3
 Rocky Flats Plant (SWIFT Maximum = 63,040) 68,144 68,146 67,934 68,144
 Sandia National Laboratories 158 160  159
 Savannah River Site 4,085 6,134 3,191 6,134
 West Valley Nuclear Services 26 26  26

MLLW 
Total 177,443 239,215 213,904 65,344 205,678

Battelle Memorial Institute (Columbus, Ohio)  28 28
Energy Technology Engineering Center 19 19
Framatome ANP 9 9

TRU(a) 

Hanford Site 45,748 45,748
 Missouri University Research Reactor 2 2

TRU 
Total  45,806 45,806

(a) WM PEIS TRU waste volumes were not provided. 

Table C.2.  Lower Bound Volume for Low-Level Waste (m3) 
 

Previously 
Disposed 

Disposed 
FY99-FY01 

Storage 
Inventory 
(10/2001) 

Onsite Waste 
Forecast 

(Barcot 1999) 

Offsite Waste 
Forecast 

(Barcot 1999) Total 
283,067 21,717 299 106,681 20,818 432,582 

6 
7 
8 
9 

10 
11 
12 

 
 The assumptions used for preparing the lower bound LLW volume include the following: 
 

• Forecast estimates were included for the years 2002 through 2046. 
 
• Offsite forecasted waste generators include Ames Laboratory (Ames, Iowa), Argonne National 

Laboratory-East, Battelle Memorial Institute (Columbus, Ohio), Bettis Atomic Power Laboratory, 

Draft HSW EIS April 2002 C.4 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Bettis Atomic Power Shipyards, Brookhaven National Laboratory, Energy Technology Engineering 
Center (also known as Rockwell-Canoga Park), Fermi National Accelerator Laboratory, Knolls 
Atomic Power Shipyards, Lawrence Berkeley National Laboratory, Laboratory for Energy-Related 
Health Research/University of California at Davis, Massachusetts Institute of Technology, Princeton 
Plasma Physics Laboratory, Paducah Gaseous Diffusion Plant, Portsmouth Gaseous Diffusion Plant, 
and Stanford Linear Accelerator Center.  These are approved generators (Bilson 1998). 

 
• Onsite and offsite forecasted volumes were obtained from the 1999 version of the SWIFT Report for 

the time period 2002 through 2046.  To ensure data consistency, the lower bound forecast volumes in 
the SWIFT Report were recently compared to the most current estimates included in the 2002 
version.  The 2002 forecast for LLW is nearly identical to the 1999 forecast for the same time period.  
Therefore, updating the volume estimates would not significantly change the environmental impacts 
and the forecast from 1999 will continue to be used to minimize cost and schedule.  The forecast 
volumes for FY 1999 to FY 2001 were deleted from the analysis, however, since these volumes are 
accounted for in the volume of waste disposed of or in storage. 

 
• Inventory waste is current as of October 2001 and was obtained from the SWITS database. 

 
• Estimates for previously disposed LLW and waste disposed from FY 1999 to FY 2001 were obtained 

from the SWITS database. 
 

• All waste will be verified and disposed of at the Hanford Site. 
 
 The LLW upper bound volume includes the lower bound volume plus additional forecasted waste 
from offsite waste generators that may ship to the Hanford Site.  The upper bound volume is derived from 
the WM PEIS Option 2 with some variation as described in the following assumption section.  Table C.3 
displays the upper bound volume for LLW. 
 

Table C.3.  Upper Bound Volume for Low-Level Waste (m3) 
 

Previously 
Disposed 

Disposed 
FY99-FY01 

Storage 
Inventory  
 (10/2001) 

Onsite Waste 
Forecast 

(1999 SWIFT) 

Offsite Waste 
Forecast 

(1999 SWIFT) 
Additional 

Offsite Waste Total 
283,067 21,717 299 106,681 20,818 198,845 631,427 

31 
32 
33 
34 
35 
36 
37 
38 
39 

 
 The assumptions used to arrive at the upper bound volume for LLW include the following: 
 

• Potential receipts from offsite generators in addition to the lower bound volumes were reviewed by 
DOE-RL with the following generators to determine the appropriate estimates for analysis:  
Brookhaven National Laboratory, General Electric Vallecitos, Grand Junction Project Office, Idaho 
National Engineering and Environmental Laboratory, Inhalation Toxicology Research Institute, 
Lawrence Livermore National Laboratory, Pantex Facility, Rocky Flats Plant, Sandia National  
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11 
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13 
14 
15 
16 
17 
18 

Laboratory, Separations Process Research Unit, and West Valley Nuclear Services.  The upper bound 
volume includes both the lower bound estimates and the additional offsite wastes. 

 
• The 1999 SWIFT Report and WM PEIS Option 2 waste volumes for Hanford and NTS were used as 

the bases for the upper bound volume.  It was assumed that NTS-generated waste would not be sent to 
Hanford. 

 
• Offsite waste volumes were included through 2046. 

 
C.3 Mixed Low-Level Waste 
 
 The lower bound volume includes all inventory and disposed of waste as of October 2001 (or the 
existing waste in the MLLW trenches and in storage), onsite life-cycle forecasted waste (which includes 
estimates of failed vitrification melters) and additional forecasted offsite waste that has an approved site 
treatment plan.  Table C.4 displays the lower bound volume for MLLW. 
 

Table C.4.  Lower Bound Volume for Mixed Low-Level Waste (m3) 
 

MW Trench 
Inventory 
(10/2001) 

Storage 
Inventory 
(10/2001) 

Onsite Waste 
Forecast 

(Barcot 1999) 

Offsite Waste 
Forecast 

(Barcot 1999) Total 
1,010 7,350 56,884 100 65,344 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

 
 The assumptions used for preparing the lower bound MLLW volume include the following: 
 

• The following offsite generators forecast waste for shipment to Hanford in accordance with approved 
site treatment plans:  Battelle Memorial Institute (Columbus, Ohio), Knolls Atomic Power 
Laboratory, Pearl Harbor Naval Shipyard, Princeton Plasma Physics Laboratory, and Puget Sound 
Naval Shipyard. 

 
• Onsite and offsite forecasted volumes were obtained from the 1999 SWIFT Report for the time period 

2002 through 2046.  To ensure data consistency, the lower bound forecast volumes in the 1999 
SWIFT Report were compared to the most current estimates included in 2002 Report.  The 2002 
forecast for MLLW is nearly identical to the 1999 forecast for the same time period.  Therefore, 
updating the volume estimates would not significantly change the environmental impacts and the 
1999 estimates will continue to be used to minimize cost and schedule.  The forecast volumes for 
FY 1999 to FY 2001 were deleted from the analysis, however, since these volumes are accounted for 
in the volume of waste disposed of or in storage. 

 
• The onsite forecasted volume also includes 6,825 m3 (241,000 ft3) of failed melters expected from the 

tank waste vitrification facilities.  Estimates for the currently planned DOE-owned facility are 
expected to be bounded by this estimate (BNFL 1999). 
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• Inventory waste is current as of October 2001 and was obtained from the SWITS database. 
 

• Estimates for waste disposed from FY 1999 to FY 2001 were obtained from the SWITS database. 
 

• Roughly half the onsite forecasted waste will require treatment before disposal at the Hanford Site.  
Large volumes of long-length contaminated equipment and the failed vitrification melters are 
expected to be received in a form suitable for direct disposal. 

 
• Site treatment plans for the offsite generators show the waste will be treated at Hanford and be 

shipped back to the sites for disposal.  However, as the amount of offsite waste is small compared to 
the total, this waste is assumed to be disposed of at Hanford. 

 
 The upper bound volume includes the lower bound volume, plus additional forecasted waste from 
offsite waste generators that are not currently shipping waste to the Hanford site but may ship in the 
future as a result of the WM PEIS.  Table C.5 displays the upper bound volume for MLLW. 
 

Table C.5.  Upper Bound Volume for Mixed Low-Level Waste (m3) 
 

MW Trench 
Inventory 
(10/2001) 

Storage 
Inventory 
(10/2001) 

Onsite Waste 
Forecast  

(Barcot 1999) 

Offsite Waste 
Forecast 

(Barcot 1999) 
Additional 

Offsite Waste Total 
1,010 7,350 56,884 100 140,334 205,678 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

 
 The assumptions used to arrive at the upper bound case for MLLW are described in the following list: 
 

• Additional offsite waste generators as confirmed by DOE-RL include Energy Technology 
Engineering Center, Idaho National Engineering and Environmental Laboratory, Los Alamos 
National Laboratory, Oak Ridge National Laboratory, Paducah Gaseous Diffusion Plant, Portsmouth 
Gaseous Diffusion Plant, Rocky Flats Plant, Sandia National Laboratories, Savannah River Site, and 
the West Valley Nuclear Services. 

 
• Offsite waste volumes represent waste expected through the Hanford life cycle (2046). 

 
• All offsite waste will be disposed of at Hanford. 

 
• Additional waste volumes received from offsite generators are assumed to be received in a form 

suitable for direct disposal and will not require treatment at the Hanford Site. 
 

• Initial estimates for additional offsite waste volumes were based on the life-cycle volume estimates 
used in Option D of the WM PEIS and the Environmental Management Integration (ACPC) 
disposition maps (DOE 1998).  The estimates included waste to be dispositioned at Hanford or waste 
with no identified disposition pathway.  Waste designated for commercial treatment and disposal was 
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not included.  These volumes were then further refined by DOE-RL and the generating sites to 
determine the volumes analyzed in the HSW EIS. 

 
C.4 Transuranic Waste 
 
 A comparison of the TRU waste volume estimates developed during FY 1999 and FY 2000 to the 
2002 SWIFT Report showed that the expected waste volumes had increased significantly over the 
development period of the HSW EIS.  Therefore, the waste volumes for TRU waste were updated to 
reflect the currently forecast estimates.  Analysis of the Integrated, Planning, Accountability, and 
Budgeting System (IPABS) showed that only small quantities of offsite waste were expected to be 
shipped to Hanford and that these quantities were included in the 2002 SWIFT forecast.  The TRU waste 
volumes include all inventory waste as of October 2001 (existing waste in storage) and life-cycle-
forecasted waste.  Table C.6 lists the volumes analyzed for TRU waste. 
 

Table C.6.  Waste Volumes for Transuranic Waste (m3) 
 

Storage 
Inventory 
(10/2001) 

Onsite Waste 
Forecast 

(Barcot 2002) 

Offsite Waste 
Forecast 

(Barcot 2002) Total 

16,136 29,613 57 45,806 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

 
 The assumptions used to arrive at the lower bound case for TRU waste are described in the following 
list: 
 

• Forecasted volumes were obtained from the 2002 SWIFT Report and collected for the life cycle of 
the Hanford Site (2046).  The maximum forecast estimates were used to provide a bounding analysis. 

 
• Waste from offsite generators is included for Battelle Memorial Institute (Columbus, Ohio), Energy 

Technology Engineering Center, Framatome ANP, and Missouri University Research Reactor. 
 

• Inventory waste is current as of October 2001 and was obtained from the SWITS database. 
 

• The TRU waste will be processed and certified at the Hanford Site and disposed of at the Waste 
Isolation Pilot Plant (WIPP) or another offsite repository. 

 
• Because large volumes of additional offsite waste are not expected to result from the WM PEIS ROD, 

only a single volume scenario will be analyzed for TRU waste. 
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Supplemental Information on the 
Low Level Burial Grounds and Borrow Pits 

 
 
 This appendix contains information on the Low Level Burial Grounds (LLBGs) and on the borrow 
pits used for the closure covers of the LLBGs. 
 
D.1 Low Level Burial Grounds 
 
 The LLBGs are eight separate waste disposal areas located in the 200 Areas.  They are regulated 
under the Atomic Energy Act (AEA) of 1954 (42 USC 2011).  The following sections summarize specific 
information concerning the LLBGs. 
 
D.2 200 East Area Burial Grounds 
 
 Burial Ground 218-E-12B.  Burial Ground 218-E-12B (Figure D.1) is located in the northeast corner 
of the 200 East Area.  It covers approximately 70.1 ha (173.2 ac) and began receiving waste in 1962.  
Burial Ground 218-E-12B has three trenches containing retrievably stored transuranic (TRU) waste, but 
contains primarily low-level waste (LLW) generated by facilities in the 200 East Area.  Trench 94, a 
portion of 12B, is reserved for the disposal of U.S. Navy defueled reactor compartments composed of 
various types of steel and lead shielding.  Trench 94 is regulated under the Toxic Substances Control Act 
(TSCA) (15 USC 2601; 40 CFR 717, 761, and 792)(a) and Resource Conservation and Recovery Act 
(RCRA) (42 USC 6901; 40 CFR 261.8) because it contains polychlorinated byphenyls (PCBs), and is 
permitted for the disposal of mixed low-level waste (MLLW). 
 
 Burial Ground 218-E-10.  Burial Ground 218-E-10 (Figure D.2) is located in the northwest corner 
of the 200 East Area and is used primarily for LLW disposal, although it also contains MLLW.  It began 
receiving waste in 1960 and covers approximately 36.1 ha (89.2 ac).  Waste in this burial ground has 
come from the 200 East and 100 N Areas facilities.  Waste was primarily received in large concrete 
boxes. 
 

 
(a) Subchapter R contains regulations important to the U.S. Department of Energy. 
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 Burial Ground 218-W-3A.  Burial Ground 218-W-3A (Figure D.3) began receiving waste in 1970.  
Located in the north-central section of 200 West Area, it covers approximately 20.4 ha (50.3 ac).  
Primarily, it receives LLW, but also contains MLLW, and retrievably stored TRU waste. 

 Burial Ground 218-W-3AE.  Burial Ground 218-W-3AE (Figure D.4) covers approximately 20 ha 
(49.4 ac) and began receiving waste in 1981.  It is comprised primarily of LLW, although MLLW is 
present.  This burial ground includes Trenches 05 and 10 that are wide-bottom stacking trenches, and 
Trench 26 that was dug with a wide bottom to dispose of LLW railroad cars and large tanks. 
 
 Burial Ground 218-W-4B.  Burial Ground 218-W-4B (Figure D.5) began receiving wastes in 1968, 
and is located in the central portion of the 200 West Area.  It consists of 14 trenches (one containing 
12 caissons, of which 4 caissons contain TRU waste) and covers 3.5 ha (8.6 ac).  The trenches in this 
burial ground contain unsegregated TRU waste and contact-handled (CH) TRU waste stored on an asphalt 
pad mostly in 55-gal drums.  Trench 7 contains one of the earlier designs for retrievably stored TRU 
waste―the V trench.  The concrete V trench stores waste containers on a 45-degree angle and is covered 
with a metal roof and soil.  The TRU waste in Trench 11 contains either remote-handled (RH) or CH 
wastes.  Trench 14 contains caissons that are underground storage structures for the disposal of 3.8-L (1-
gal) to 18.9-L (5-gal) cans of RH waste. 
 
 Five caissons were planned for TRU waste and from 1970 to 1988 retrievably stored TRU waste was 
placed in four of them.  The caissons have been isolated.  One caisson has never been used.  Seven 
caissons containing LLW were filled from 1968 to 1979 and are also found in this burial ground.  No 
additional waste placement is planned for any of these caissons.  All the trenches in this burial ground are 
covered with earth. 
 
 Burial Ground 218-W-4C.  Burial Ground 218-W-4C (Figure D.6) started receiving waste in 1978.  
It covers approximately 20 ha (49.4 ac) and mainly receives LLW, although some MLLW and retrievably 
stored TRU wastes are also present.  The most northern trench (Trench NC) contains core barrels from 
naval bases.  Trench 1 contains mostly retrievably stored TRU waste, including drums generated from 
mining the 216-Z-9 Crib.  Trench 4 also contains retrievably stored TRU waste.  Trench 7 contains 
retrievably stored TRU boxes and drums of Test Reactor and Isotope Production General Atomics 
(TRIGA) fuel waste.  Additional retrievably stored TRU wastes in boxes and drums are located in 
Trenches 19, 20, 24, and 29. 
 
 Burial Ground 218-W-5.  The 218-W-5 Burial Ground (Figure D.7) began receiving wastes in 1986.  
It covers approximately 37.2 ha (91.9 ac) (excluding the expansion area) and accepts MLLW and LLW.  
The 218-W-5 Burial Ground currently contains two permitted MLLW trenches. 
 
 Burial Ground 218-W-6.  Burial Ground 218-W-6 (Figure D.8) covers approximately 16 ha 
(39.5 ac).  To date, it has not received any waste. 
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Figure D.1.  218-E-12B Burial Ground 
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Figure D.2.  218-E-10 Burial Ground 
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Figure D.3.  218-W-3A Burial Ground 
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Figure D.4.  218-W-3AE Burial Ground 
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Figure D.5.  218-W-4B Burial Ground 
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Figure D.6.  218-W-4C Burial Ground 
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Figure D.7.  218-W-5 Burial Ground 
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Figure D.8.  218-W-6 Burial Ground 

1 2 
 D

raft H
SW

 EIS A
pril 2002 

D
.10



D.4 Borrow Pit Resource Excavation 1 
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 Up to approximately 3,700,000 m3 (approximately 5,000,000 yd3) of sand, gravel, rock, and silt/loam 
will be required as a mineral resource for up to 178 ha (440 ac) of RCRA-equivalent surface barriers on 
Hanford LLW and MLLW trenches.  It is anticipated that almost all of the onsite resources required for 
surface capping will come from Area C, shown in Figures D.9 and D.10.  The only exception is materials 
for an asphalt layer, which would be transported from the Tri-Cities. 
 

 9 
10 
11 

 
Figure D.9.  Area C Location Relative to the 200 East and 200 West Burial Grounds 
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Figure D.10.  Borrow Pit Layout in Area C 

 
 Although the amount of resource material varies slightly depending upon the alternative chosen, the 
variance is not significant considering that the areas between LLW and MLLW trenches would be 
required to be covered to minimize contaminant migration from precipitation events.  The barrier edges 
would be extended far enough beyond the waste trenches to preclude reintrusion of precipitation and 
snowmelt back into the waste zones. 
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 Area C is on the southeast side adjacent to State Route (SR) 240 and is accessed via the Rattlesnake 
Gate and Beloit Avenue.  Area C is a large 926-ha (2287-ac) polygonal area located adjacent to the south 
side of SR 240 and is centered approximately at the intersection of Beloit Avenue and SR 240.  The area 
is bounded by SR 240 and the Fitzner/Eberhardt Arid Lands Ecology Reserve.  A small portion of the 
northern portion of Area C has already been used as a borrow pit.  It is anticipated that less than 
7.5 percent (81 ha [200 ac]) of Area C will be required for capping resource material. 
 
 Area C is considered part of the Central Plateau in the Final Hanford Comprehensive Land-Use Plan 
Environmental Impact Statement (HCP EIS) and its use is “Conservation (mining)” (DOE 1999).  The 
HCP EIS acknowledges that “mining of onsite geologic materials will be needed to construct surface 
barriers as required by Hanford Site remediation activities.” 
 
 The use of Area C as a borrow pit would have the following restrictions required by the Hanford Site 
procedures and best management practices: 
 
  1. A restoration plan would be written to direct how the site would be revegetated and restored. 
 
  2. Topsoil would be stripped and stockpiled for use in revegetation. 
 
  3. Excavation and bank cuts would be kept a minimum of 152 m (500 ft) from SR 240. 
 
  4. Areas prone to wind erosion (for example, active pit faces, haul roads, stockpiles) would be stabilized 

as needed with ballast or other means, such as routine wetting with water and a stabilization agent. 
 
  5. Approximately 8 km (5 mi) of new roads within Area C (see Figure D.10) would be built to expedite 

traffic and shorten haul roads.  It is anticipated that the access road would intersect SR 240 directly 
across from the intersection of the highway from Beloit Avenue. 

 
  6. Immediately following the removal of material from each pit, cut banks would be sloped to a 4:1 

grade and the sides of the pits would be shaped with irregular boundaries to avoid straight lines and to 
more naturally blend with the surrounding terrain. 

 
  7. The maximum depth of the pits would normally not exceed 4.6 to 6.1 m (15 to 20 ft) and would not 

be so deep as to preclude viable restoration to a habitat of equal or greater value than the surrounding 
area. 

 
 Borrow operations at Area C would consist of the following: 
 

• Infrastructure Upgrade – Water and electricity would be extended from the vicinity of Beloit 
Avenue and 13th Street, a distance of 6.4 km (4 mi).  New gravel roads would be installed within 
Area C to access the mineral resource, laydown areas, office areas, and resource stockpiles.  Modular 
space would be used for offices, lunchrooms, and showers.  A holding tank would be installed to 
receive sanitary wastewater from trailers.  Portable toilets would be provided to all other areas of the 
site.  A contract sanitary waste hauler would service the holding tank and portable toilets at least 
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twice weekly.  Site lighting would be provided via fixed lights on poles and portable, rechargeable 
light stands. 

 
• Resource Excavation – Borrow pits would be excavated via a track hoe, scraper, bulldozer, and/or 

front-end loader and loaded either directly into trucks or onto conveyor systems.  Conveyor systems 
would be used to move the resource to stockpile areas or to load trucks.  Conveyor systems would be 
fitted with crushing, sorting, and screening systems to segregate fines from rock.  Basalt would 
probably blasted with standard controlled subsurface detonations.  A one-shift operation with 
approximately 20 trucks would require a minimum of 12 years of borrow pit operation. 

 
• Under Highway Conveyance System – Part of the conveyor system discussed above would be a 

more permanent system installed between the access gate and road in Area C and another 
conservation/mining area north of SR 240 (Area B).  Area B is also an area designated as 
“Conservation (mining)” by the HCP EIS and would be used only as a reservoir for resource material 
excavated from Area C to minimize the number of truck highway crossings that could be expected 
during peak capping demand periods; as such, it is only expected to be in use during the latter portion 
of the LLBG capping mission.  The same crew that performed the water and power infrastructure 
upgrade would be used to install a new approximately 1-m (36-in.)-dia. approximately 24-m 
(80-ft-long) culvert under SR 240 (see Figure D.10), using standard horizontal boring techniques used 
frequently in municipal applications.  A screw auger type conveyance system would then be slipped 
through the culvert to convey resource material from Area C to Area B. 

 
• Resource Restoration – Immediately after the mineral resource from a pit is depleted, restoration 

activities would proceed, including laying backside slopes and eliminating straight lines to match the 
surrounding environment.  Stockpiled topsoil would then be redistributed into the borrow pit and the 
area replanted with native vegetation.  If necessary, water would be sprinkled onto the site to promote 
seed germination.  It is estimated this activity would add an additional 5 percent to the cost and labor 
of the borrow pit operation. 

 
• Hauling and Stockpiling – A fleet of haul trucks would be used to haul resource material to 

stockpiles (if not directly conveyed) or the LLBGs in both 200 East and 200 West Areas.  The 
numbers of haul trucks would be similar to those associated with hauling contaminated material to the 
Environmental Restoration and Disposal Facility.  Haul trucks would be loaded either directly from 
borrow pit excavations or from stockpiles.  Stockpiles would be staged 152 to 305 m (500 to 1,000 ft) 
from SR 240 in topographically low areas to minimize wind erosion. 

 
• Dust and Traffic Control – Traffic and dust control required by Area C operations are important 

considerations because of the vicinity of SR 240 and potential safety hazards associated with traffic.  
The following precautions are planned as needed: 

 
   - Haul trucks would be fitted with roll-out tarps.  If necessary, an undercarriage and wheel wash-

down system would be provided near the point where the trucks cross SR 240 to minimize 
fugitive dusts. 
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   - If necessary, a traffic light could also be installed at the intersection, with warning lights on each 
side of it to warn oncoming traffic. 

 
   - As needed, a water truck and soil binder additive system would be employed to continuously wet 

site gravel roads, queues, stockpiles, and working faces (this practice has proved to be extremely 
effective at Hanford soil cleanup sites).  Because piped water would be provided, a sprinkler 
system may also be used to control dusts. 

 
   - Excavation and truck loading activities would be discontinued when winds are excessive. 
 
   - The exposed working face of a borrow pit would be limited. 
 
   - Stockpile profiles would be minimized wherever possible. 
 
   - Haul roads and queues would be rocked. 
 
   - Conveyor systems would be fitted with misting systems to minimize fugitive dusts. 
 
 The use of Area C as a borrow pit was selected because of its close proximity to the LLBGs (thereby 
minimizing environmental impacts, such as energy use), and the borrow pit would be designed to 
minimize dust and safety hazards. 
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Air Quality Analysis 
 
 
 This appendix presents information on the air quality impacts that would result from non-radiological 
criteria pollutant emissions associated with construction and operation activities for the Hanford Site 
Waste Program.  The impacts of hazardous chemicals and radionuclides are discussed in Section 5.11 and 
Appendix F.  The air quality impacts associated with the transportation of wastes are presented in 
Section 5.8. 
 
 The Clean Air Act authorizes the U.S. Environmental Protection Agency (EPA) to set permissible 
levels of exposure for selected air pollutants using health-based criteria.  These “criteria pollutants” 
include nitrogen dioxide (NO2), sulfur dioxide (SO2), particulate matter with aerodynamic diameters of 
10 microns or less (PM10), carbon monoxide (CO), lead, and ozone.  The maximum permissible exposure 
levels for these pollutants are set in National Primary and Secondary Ambient Air Quality Standards 
(40 CFR 50).  The standards focus on short-term exposures (1 hr or 3 hr), workday exposures (8 hr), and 
long-term exposures (24 hr or annual).  The standards for some pollutants focus on short-term exposures 
(for example, CO and ozone) and the standards for other pollutants focus on long-term exposures (for 
example, PM10 and NO2).  Primary standards are established to protect against adverse health effects.  
Secondary standards protect against welfare effects, such as damage to crops, vegetation, and buildings, 
as well as decreased visibility.  In addition, states and local governments can set additional or more 
restrictive standards.  Washington State has defined such standards for particulate matter and sulfur 
dioxide.  Section 4.2.3 indicates the standards applicable to the Hanford Site. 
 
 Carbon monoxide, particulate matter, sulfur dioxide, and nitrogen dioxide are produced from the 
combustion of fossil fuels.  Particulate matter is generated also by the mechanical disturbance of ground 
materials by earthmoving activities, vehicle traffic over unpaved and paved roadways, and the action of 
the wind on disturbed soils.  Two criteria pollutants, ozone(a) and lead, are not considered in this 
assessment because the level of their emission, or that of essential precursor compounds, is negligible. 
 
 To estimate maximum air quality impacts from Hanford solid waste activities, a regulatory-approved 
air quality model was used in this study.  The Industrial Source Complex Short-Term (ISCST3) 
Dispersion Model (EPA 1995a) was selected for use.  The ISCST3 model is approved by the EPA for the 
calculation of the maximum air quality impacts of criteria pollutants.  The model uses a steady-state 
Gaussian plume algorithm to estimate pollutant concentrations from a wide variety of sources associated 

 
(a) Volatile organic compounds (VOCs), a class of pollutant involved in ozone formation, would have a 

maximum project emission rate of less than 1 g/s.  This release rate would not cause a detectable 
change in background concentration of this class of pollutants and therefore could not result in any 
detectable change in ozone concentrations within the local airshed. 
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with industrial complexes.  The model is applicable for either flat or rolling terrain, modeling domains 
with a radius of 50 km (31 mi) or less from the point of release, and urban or rural environments. 
 
 Multiple years of hourly meteorological data from the Hanford Site were used in conducting ISCST3 
modeling.  Multiple years of data provide the ISCST3 model with an extended, climatologically 
representative period of local meteorology for computing atmospheric dispersion conditions.  The hourly 
meteorological data covered the period from 1993 through 1996 and included measurements of wind 
direction, wind speed, atmospheric stability, mixing depth, and air temperature.  Wind and temperature 
data were obtained from measurements made on the monitoring tower located adjacent to the Hanford 
Meteorology Station (HMS).  The HMS is located between the 200 West and 200 East Areas; data from 
this station are assumed to be representative of meteorological conditions for all Hanford solid waste 
200 Area work sites.  The station is 6 km (4 mi) north of Area C pit and is also representative of 
meteorological conditions at this work location.  Wind data were obtained from measurements made 10 m 
(33 ft) above ground level.  Temperature measurements were made at 1.5 m (5 ft) above ground level.  
Mixing depth measurements were made using the HMS Doppler acoustic sodar.  Atmospheric stability 
was computed using the U.S. Nuclear Regulatory Commission (NRC) ∆T method (NRC 1972).  This 
methodology uses the wind speed and the difference between temperature measurements at 60 m (200 ft) 
and 10 m (30 ft) on a tall tower to estimate a stability class for the atmosphere. 
 
 The ISCST3 model uses meteorological data records to compute the worst-case, or maximum, air 
quality impacts for various federal- and state-defined averaging periods and receptor locations.  For each 
of 16 compass directions (for example, north, north-northeast, northeast, and continuing clockwise around 
the compass to finish with north-northwest), the greatest air quality impacts were determined at 
representative points of public access within the boundaries of the Site and at points of unrestricted public 
access along or outside the Hanford Site boundary. 
 
 In estimating the maximum potential for air quality impacts, all emissions from Hanford Solid Waste 
activities in the 200 Area are modeled as if they came from a single ground-level point source.  This 
assumption is conservative because it concentrates pollutants at a single release location even though 
pollutant emissions would actually occur at multiple locations within the 200 Areas.  Twenty-four hour 
dispersion conditions were also assumed, even though nearly all project activities would be conducted 
only during dayshift hours.  This assumption is conservative because pollutant dispersion conditions are 
often at their worst at night.  As a result, both short-term and long-term maximum air quality impacts 
estimates may be much larger than would actually be experienced during actual operations.  Another 
conservative assumption is that pollutants are not assumed to decompose or deposit.  In actuality, 
chemical decomposition and atmospheric deposition processes would act to reduce pollutant 
concentrations and associated air quality impacts estimates.  The sources of pollutants in the 200 Area 
would include diesel engines, propane-fired equipment, and fugitive dust sources. 
 
 Emissions from Area C borrow pit activities are modeled using somewhat more realistic, but still 
conservative assumptions.  Borrow pit emissions were modeled as a small (40-m x 40-m) area source to 
represent the zone of emissions for earthmoving equipment, trucks, and fugitive dust sources within the 
borrow pit source area.  This area source was positioned between 150 m (490 ft) and 95 m (310 ft) from 
Highway 240.  This is less than the 150-m minimum distance specified in project guidelines for 
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conducting activities near Highway 240.  Most emissions would actually occur at a distance of 300 m 
(980 ft) to 1.6 km (1 mile) from the highway.  In modeling emissions, four diesel-powered vehicles (a 
scraper, bulldozer, front-end loader, and track hoe) were assumed to be in continuous operation in the 
area source for 8-hr per day on 250 days a year.  In addition to the diesel exhaust, fugitive dust emissions 
from vehicle operations in the area and on the material stockpile were also included in the source term.  
Detailed information on borrow pit operations are provided in FH (2002). 
 
 Pollutant emissions associated with the transportation of capping materials from the borrow pit to the 
200 Area are also included in this assessment.  Twenty diesel-powered trucks were assumed to be in 
continuous operation during normal work periods.  Pollutant emissions associated with the operation of 
the trucks include exhaust emissions and fugitive dust.  An assumption was made that all truck emissions 
would be split between two locations—Area C and the 200 Area.  This assumption concentrates 
emissions at only two locations rather than spreading them across a much broader area, thereby 
maximizing estimates of air quality impacts.  In addition, truck emissions at Area C were assumed to 
occur at the excavation site, instead of a separate truck loading location.  This concentrated truck 
emissions at a release site that is both closer to, and generally more upwind of, points of public access 
than the planned truck loading area.  As a result of this and other assumptions, maximum air quality 
impacts are considered to be very conservative. 
 
 Based on ISCST3 model runs for pollutant releases in the 200 Areas, the locations where maximum 
air quality impacts to the public would occur were determined for various averaging periods.  Table E.1 
provides estimates of these points of maximum air quality impact and the associated unit dispersion 
factors for these locations.  Multiplying a unit dispersion factor (s/m3) by a maximum pollutant release 
rate (µg/s) generates an estimate of the maximum air pollutant concentration (µg/m3).  For criteria 
pollutants with ambient air quality standards based on 8-hr or less averaging times, the maximum air 
quality impacts for emissions from the 200 Areas would occur at points of public access along 
Washington State Highway 240.  For criteria pollutants with 24-hr and annual standards, the greatest air 
quality impacts would occur at the Site boundary where a person could potentially be located or reside for 
an extended period of time.  Long-term air quality impacts are not computed for Highway 240 because 
this highway passes through federal lands with restricted public access (between the Hanford Site and the 
Fitzner/Eberhardt Arid Lands Ecology Reserve). 
 
 Table E.2 provides the locations where maximum air quality impacts to the public would occur for 
releases from the borrow pit.  The maximum short-term air quality impacts for emissions from the borrow 
pit would occur along Highway 240, and the maximum long-term air quality impacts would occur at the 
Site boundary.  These impact locations are different from those for 200 Area emissions. 
 
 The activities evaluated in the Hanford Solid Waste Environmental Impact Statement (HSW EIS) that 
would be associated with criteria pollutant emissions are shown in the timeline of Tables E.3 through E.5.  
These activities all would be conducted using dust-suppression techniques.  Dust control during large 
earthmoving activities must comply with nuisance dust emission control requirements.  Earthmoving 
activities are restricted on days with wind speeds greater than 16 km/hr (10 mi/hr). 
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Table E.1. 200 Area Emissions:  Location and Dispersion Factors Used to Determine 
Maximum Air Quality Impacts 

1 
2 
3  

Averaging 
Time 

Maximum Impact 
Location 

Distance from Release 
to Maximum Public 
Impact Location(a) 

Unit Dispersion Factor 
for Maximum Impact 

Location (s/m3)(b) 

1 hr Highway 240 7.3 km S 9.7E-5 

3 hr Highway 240 10.4 km WNW 3.7E-5 

8 hr Highway 240 10.4 km WNW 2.3E-5 

24 hr Hanford Site Boundary 15.5 km WNW 7.4E-6 

Annual Hanford Site Boundary 19.6 km N 1.9E-7 

(a) Distance and direction determined by dispersion modeling. 
(b) Values are computed by the ISCST3 model.  To convert to a concentration estimate (µg/m3), 

the unit dispersion factor (s/m3) is multiplied by the actual pollutant release rate (µg/s). 
4 
5 
6 
7 

 
Table E.2. Borrow Pit Emissions:  Location and Dispersion Factors Used to Determine 

Maximum Air Quality Impacts 
 

Averaging 
Time  

Maximum Impact 
Location  

Distance from Release 
to Maximum Public 

Impact Location 

Unit Dispersion Factors 
for Maximum Impact 

Location (s/m3)(b) 

1 hr Highway 240 150 m 3.0E-3 

3 hr Highway 240 150 m 2.3E-3 

8 hr Highway 240 150 m 1.4E-3 

24 hr Hanford Site Boundary 15 km (north of borrow pit)(a) 2.8E-6 

Annual Hanford Site Boundary  10 km (northwest of borrow pit)(a) 5.0E-9 

(a) Distance determined by dispersion modeling. 
(b) Values are computed by the ISCST3 model.  To convert to a concentration estimate (µg/m3), the 

unit dispersion factor (s/m3) is multiplied by the actual pollutant release rate (µg/s). 

8 
9 
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 Table E.3.  Timeline of Alternative 1 Activities Resulting in Criteria Pollutant Emissions 
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D

raft H
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                         Activity - Inventory 1995 2000 2005 2010 2015 2020

LLW construction – Lower (2)(a) 
LLW construction – Upper (4.3)(a) 

        1            1          
1 1 1 1 

MLLW construction – Lower (2)(b) 
MLLW construction – Upper (2)(b) 

                              
1 

1 (c)
(c) 

CWC bldg.  construction (none)                               
MLLW cap – Lower (4) (d) 
MLLW cap – Upper (4) (d) 

             1         c)       
1 

1 
1 

(
(c)

LLW cap – Lower (d) 
LLW cap – Upper (d) 

                              

T Plant modification construction                             
CWC operations propane  decrease operations ∗ 
MLLW leachate propane–Lower(e) 
MLLW leachate propane–Upper(e) 

                              

 

Activity - Inventory                       2025 2030  2035 2040 2045 2050 2060 2070

LLW construction – Lower (2)(a) 
LLW construction – Upper (4.3)(a) 

                              
0.3

MLLW construction – Lower (2) 
MLLW construction – Upper (2) 

                              

CWC bldg. construction (none)                               
MLLW cap – Lower (4) (d) 
MLLW cap – Upper (4) (d) 

                      b)        (
(b)

LLW cap – Lower (d) 
LLW cap – Upper (d) 

                           
 

  
 

T Plant modification construction                               
CWC operations propane   decrease operations  no operations                  
MLLW leachate propane–Lower(e) 
MLLW leachate propane–Upper(e) 

 3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3 
2 

2 
1 

2 
1 

2 
1 

1 
1 

1
1

1 
1 

1 
1 

1 
1 

1 
1 

1
1

1 
1 

1 
1 

0 
0 

     

(a) Number of new trenches constructed, Alternative 1 – Enhanced LLW trench design where trenches are wider and deeper. 
(b) Number of new trenches constructed, Alternative 1 MLLW – Enhanced MLLW trench design 
(c) Alternative 1 MLLW – Melter trench 
(d) Borrow pit activity occurs at time of capping activity. 
(e) Bolded number is the year of maximum leachate generation for the indicated number of MLLW trenches.  Values indicate number of pulse driers operating. 
CWC = Central Waste Complex; LLW = low-level waste; MLLW = mixed low-level waste 
* Indicates beginning and end of operational period, or years in which a given activity occurs 
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Table E.4.  Timeline of Alternative 2 Activities Resulting in Criteria Pollutant Emissions 

 H
SW

 EIS A
pril 2002 

E.6 

                       

 

Activity – Inventory 1995 2000 2005 2010 2015 2020   

LLW construction – Lower (34.6)(a)  
LLW construction – Upper (60)(a) 

       3   
2 

1 
4 

1 
5 

1 
5 

 
4 

2 
5 

 
1 

1 
2 

1 
1 

2 
2 

2 
3 

2 
3 

 
2 

1 
2 

3 
3 

2 
1 

 
2 

3 
1 

1 
2 

1 
1 

1
2 

2 

MLLW construction – Lower (8.5) 
MLLW construction – Upper (16) 

        2                 
3 

2 
3 

2 
3 

1.5
3 

 
3 

(b) 
(b) 

CWC bldg. construction (none)                               
Rail Spur construction                              ✴  
MLLW cap – Lower (10.5) (c) 
MLLW cap – Upper (18) (c) 

                    
1 

1
1 

 
2 

 
2 

1 
1 

 
1 

2 
1 

1
1 

1 
1 

 
1 

1 
 

 
1 

(b)
(b)

1
1 

LLW cap – Lower (c) 
LLW cap – Upper (c) 

                              

M-91 construction                              
CWC operations propane  decrease operations 
MLLW leachate propane – Lower 
MLLW leachate propane – Upper 

                              

 
Activity – 
Inventory 2025                        2030 2035 2040 2045 2050 2051 2077 2078

LLW 
construction – 
Lower (34.6)(a) 
LLW 
construction – 
Upper (60)(a) 

0.3                             1
2 1 

0.3 
1 1 

1
1 1 

MLLW 
construction - 
Lower (8.5) 
MLLW 
construction - 
Upper (16) 

                              

CWC bldg. 
construction 
(none) 

                              

Rail Spur 
construction 

                              

MLLW cap – 
Lower (10.5) (c) 
MLLW cap – 
Upper (18) (c) 

                      .5        1
1 1 

0
1 

 



 

 

 Table E.4.  (contd) 
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                        Activity – 
Inventory 2025 2030 2035 2040 2045 2050 2051 2077 2078

LLW cap – 
Lower (c) 
LLW cap – 
Upper (c) 

                        
 

 
 

 
 

 

 
 

 
 

 
 

 
 

M-91 
construction 

                              

CWC operations 
propane 

  decrease operations  no operations                  

MLLW leachate 
propane – 
Lower(d) 

                            9 10 10 10 10 10 10 10  10 9 9 9 9 8 7 6 6 5 4 4 3 3 3 3 2 1 0

MLLW leachate 
propane – 
Lower(d) 
MLLW leachate 
propane – 
Upper(d) 

                            15 15 16 16 16 16 17  17 16 16 15 13 11 10 9 8 8 7 6 5 5 4 4  4 1 0

(a) Number of new trenches constructed, Alternative 2 LLW trench construction – current trench design. 
(b) Number of new trenches constructed, Alternative 2 MLLW trench construction – melter trench 
(c) Borrow pit activity occurs at time of capping activity. 
(d) Bolded number is the year of maximum leachate generation for the indicated number of MLLW trenches.  Values indicate number of pulse driers operating. 
MLLW leachate – Lower- 2051-2057=2; 2058-2077=1   
MLLW leachate – Upper- 2052-2058=3; 2059-2062=2; 2063-2077=1 
CWC = Central Waste Complex; LLW = low-level waste; MLLW = mixed low-level waste 
*   Indicates beginning and end of operational period, or years in which a given activity occurs 

 
 Table E.5.  Timeline of No Action Activities Resulting in Criteria Pollutant Emissions 

 

 1995                        2000 2005   2010 2015 2020
LLW construction 
(34.6) (a) 

                            3 1 1 1 2 1 1 2 2 2 2 1 3 2 3 1 1 1 2

MLLW construction 
(1) (a) 

          1                    

CWC bldg. 
construction LLW& 
MLLW (36) / TRU 
(30) 

          /3 /3 /3 /3            4 4 4 4
(c)

 4/3 4/3 4/4 4/4 4/4

MLLW cap (b)             1   1        (a)       1
LLW cap (none)                               
M-91/T Plant 
modification (none) 

                              

CWC operations 
propane 

 increase operations-      constant level of ops  

MLLW trench leachate                               
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 2025 2030 2035 2040  2045  2050 2059 2060 2077 2078
LLW construction (34.6)                             0.3 1 0.3 1

MLLW construction (1)                               

CWC bldg. construction LLW& 
MLLW (36) / TRU (30) 

                              

MLLW cap                               

LLW cap (none)                               

M-91/T Plant modification (non

CWC operations propane  constant level of operations no operations     

MLLW trench leachate                             3 3 3 3 3 3 3 3 3 3 3 3 2 2 1 1 1 1 1 1 1 1 0

(a) Number of new trenches constructed.  No Action MLLW – melter storage. 
(b) Borrow pit activity occurs at time of capping activity. 
(c) Construction of RH TRU Pad. 
CWC = Central Waste Complex 
LLW = low-level waste 
MLLW = mixed low-level waste 
*      Indicates beginning and end of operational period, or years in which a given activity occurs 

e)                               

  

 

 



 

 The use of dust-suppression methods would depend on the soil being excavated, wind speed, and 
visual observations.  Water sprays for dust suppression were found to be very effective in controlling 
PM

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

10 emissions at the Hanford Site (DOE-RL 1996).  Monitoring of the effectiveness of water sprays 
found air particulate concentrations at the location of earthmoving activity to be under 90 µg/m3 
(DOE-RL 1996), well within the 24-hr ambient air quality standard for PM10 of 150 µg/m3.  Most values 
were even lower. 
 
 Although not governed by ambient air quality standards, a potential concern for public safety is a 
short-term, wind-blown dust event at the borrow pit that could limit visibility on Highway 240 and cause 
problems for passing motorists.  To guard against this, a dust-suppression program is planned for this 
area.  This dust control program would include as needed 

• the use of soil binders and watering 

• spraying of active work areas with water and a soil adhesive  

• rocking of 8 km (5 mi) of project roads and periodic spray with solid adhesive to limit dust generation 

• covering of materials in truck beds with rollout tarps prior to transport 

• halting of earthmoving and other project activities when wind speeds are projected to exceed the 
threshold for significant dust generation. 

 
E.1 Combustion Engine Emissions 
 
 For the facilities and operations evaluated in this study, diesel-fueled engines would be used in 
machines such as backhoes, forklifts, and air compressors.  Propane fuel would be used in leachate 
treatment equipment beginning in 2026 and for CWC operations.  Gasoline would be used to fuel 
construction support vehicles.  However, these would generally be mobile sources and use very small 
quantities of fuel compared to the program’s diesel-powered construction equipment.  Therefore, criteria 
pollutant emissions from gasoline-fueled vehicles were not explicitly evaluated.  Criteria pollutant 
emissions from diesel engines are estimated using the following equation: 
 
 Ao, c, a = Fo, a x Ec, f x Da (E.1) 
 
where Ao, c, a = air concentration of criteria pollutant c with an averaging time a for operation o µg/m3

 Fo, a  = fuel consumption rate for operation o and averaging time a L/s (or gal/s) 
 Ec, f  = generation rate of criteria pollutant c for fuel f µg/L (or µg /gal) 
 Da = unit dispersion factor for averaging time a, µg/m3 per g/s. 
 
 Unit dispersion factors (Da) were given in Table E.1 and Table E.2.  The unit generation rates for 
criteria pollutants (Ec, f) for diesel fuel and propane are shown in Table E.6.  The rates of pollutant 
generation for diesel fuel for carbon monoxide, nitrogen dioxide, and particulates are based on average 
values for a variety of heavy-duty construction equipment (EPA 1991).  The values for particulates listed 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

in Table E.6 are total suspended particulates but are conservatively assumed to be PM10.  Sulfur dioxide 
emissions are based on the maximum permissible amount of sulfur allowed in diesel fuel (a 500-ppm 
limit).  No credit is taken for the substantial reduction in the sulfur content of diesel fuel (a 15-ppm limit) 
scheduled to be phased in beginning in June 2006 or a tightening of the emission standards for nitrogen 
dioxide and particulate matter scheduled to be phased in beginning in 2007 (EPA 2000). 
 
The propane pollutant generation rates presented in Table E.6 are based on a propane industrial boiler 
(EPA 1996). 
 

Table E.6.  Emission Factors for Criteria Pollutants 
 

Criteria Pollutant 

Diesel Fuel Pollutant  
Generation Rate  

(µg pollutant/L diesel fuel) 

Propane Pollutant 
Generation Rate 

(µg pollutant/gal propane) 

Carbon monoxide 

Nitrogen dioxide 

Particulates 

Sulfur dioxide 

1.5E+7 

3.9E+7 

3.5E+6 

8.2E+5 

1.4E+6 

8.6E+6 

2.7E+5 

None 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

 
 Fine material on road surfaces is emitted into the atmosphere as a result of vehicular traffic.  The rate 
of particulate emissions is a function of the weight and the amount of dust on the road surface.  Equations 
for computing the rate of particulate emissions are provided in EPA (1988).  Using information on the 
likely dust concentrations on paved roads at Hanford (0.4 g/m2) and the average weight of the trucks, a 
rate of PM10 emissions at 16 g (0.564 oz) per vehicle mile traveled was conservatively estimated.  For a 
24-km (15-mi) roundtrip, this equates to a PM10 emission rate of 0.067 g/s per truck. 
 
 Fuel consumption rates (Fo, a of Equation E.1) are shown in Table E.7 for diesel fuel and Table E.8 for 
propane. The fuel consumption rates vary according to the averaging time selected.  The hourly emission 
rates consider operation of the equipment over the 1-, 3-, or 8-hr periods.  For daily averaging times, the 
diesel-fueled engines are assumed to run for one shift per day (that is, one-third of a day).  Therefore, the 
emission rates averaged over a day (24 hr) are one-third of the hourly rate.  For the propane-fueled 
leachate treatment equipment that would be operated 24 hr/day, the hourly and daily fuel consumption 
rates are the same because they run full time, not just one-third of a day as with the diesel engines.  Most 
operations do not occur over the full year.  Therefore, the emission rate for annual averaging times is 
adjusted to the average over a year.  In situations in which the operation does in fact occur for a 1-yr 
period and daily operations are estimated from annual use, the assumption is that operations occur 
250 days/yr (5 days per week and 50 out of the 52 weeks per year). 
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Table E.7.  Average Diesel Fuel Consumption Rates 1 
2  

Diesel 
Fuel Use 

Operation/ 
Construction

Fuel Consumption Rate for 
Indicated Averaging Time 

(L/s) Operation /  
Alternative – Inventory(a) 

Liter Time Note Hourly Daily Annual 

LLW Construction 
 Alternative 1 – L 
 Alternative 1 – U 
 Alternative 2 – L 
 Alternative 2 – U 
 No Action  

 
110,000 
110,000 
164,000 
275,000 
164,000 

 
40 d 
40 d 
40 d 
40 d 
40 d 

 
1 trench 
1 trench 
3 trenches(b) 

5 trenches(b) 

3 trenches(b) 

 
0.095 
0.095 
0.14 
0.24 
0.14 

 
0.032 
0.032 
0.047 
0.080 
0.047 

 
0.0035 
0.0035 
0.0052 
0.0087 
0.0052 

MLLW Construction 
 Alternative 1 – L 
 Alternative 1 – U 
 Alternative 2 – L 
 Alternative 2 - U 
 No Action  
 Melter trench 

 
200,000 
400,000 
300,000 
450,000 
150,000 
450,000 

 
1 yr 
1 yr 
28 wk 
28 wk 
28 wk 
40 wk 

 
1.5 ha trench 
3.0 ha trench 
2x1.25ha trench(b) 

3x1.25ha trench(b) 

1.25 ha trench 
All alternatives 

 
0.028 
0.056 
0.25(c) 

0.38(c) 
0.13(c) 
0.13(c) 

 
0.0093 
0.019 
0.084(c) 
0.13(c) 
0.042(c) 
0.042(c) 

 
0.0063 
0.013 
0.0095 
0.014 
0.0048 
0.014 

CWC Construction 
 No Action – per bldg 
 No Action –TRU Pad 

 
10,600/bldg 

24,600 

 
120 d/bldg 
50 d 

 
4 bldgs(b) & 8 bldg/y 
2008 

 
0.012 
0.017 

 
0.0041 
0.0057 

 
0.0027 
0.00078 

LLW Capping 
 All Alternatives 

 
912,000 

 
1 yr 

 
2043-2046 

 
0.13 

 
0.042 

 
0.029 

MLLW Capping(c) 

 Alternative 1 – L 
 Alternative 1 - U 
 Alternative 2 – L 
 Alternative 2 - U 
 No Action 
 Melter trench 

 
145,920 
273,600 
109,440 
109,440 
54,720 
364,800 

 
8 wk 
15 wk 
3 wk 
3 wk 
3 wk 
20 wk 

 
1.5 ha trench 
3 ha trench 
2x0.6 ha trench(b)  
2x0.6 ha trench(b) 

0.6 ha trench 
yr 2018 

 
0.13 
0.13 
0.25 
0.25 
0.13 
0.13 

 
0.042 
0.042 
0.084 
0.084 
0.042 
0.042 

 
0.0046 
0.0087 
0.0035 
0.0035 
0.0017 
0.012 

LLW Backfilling 
 Alternative 1 – L 
 Alternative 1 - U 
 Alternative 2 – L 
 Alternative 2 - U 
 No Action  

 
820 
3210 
6780 

11300 
6780 

 
1 yr 
1 yr 
1 yr 
1 yr 
1 yr 

 
 
 
3 trenches (b) 

5 trenches (b) 
3 trenches (b) 

 
0.0162(d) 

0.032(e) 

0.048(d) 

0.079(d) 

0.048(d) 

 
0.0053(d) 

0.011(e) 

0.016(d) 

0.026(d) 

0.016(d) 

 
2.6E-5 
1.0E-4 
2.1E-4 
3.6E-4 
2.1E-4 

MLLW Backfilling 

 Alternative 1 –L (f) 
 Alternative 1 –U (g) 
 Alternative 2 –L(h) 
 Alternative 2 –U(h)  
 No Action (i) 
 Melter trench (j) 

 
1,700 max 
3,400 max 
6,800 max 
13,600 max 
1,700 max 

25,000 

 
Annually 
Annually 
Annually 
1 yr 
Annually 
25 wk  

 
2005-2008 
2004-2005 
2009-2010 
2007 
2006-2009 
2018 

 
2.4E-4 
4.7E-4 
9.4E-4 
0.0019 
2.4E-4 
0.0069 

 
7.9E-5 
1.6E-4 
3.1E-4 
6.3E-4 
7.9E-5 
0.0023 

 
5.4E-5 
1.1E-4 
2.2E-4 
4.3E-4 
5.4E-5 
7.9E-4 
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Table E.7.  (contd) 
 

Operation /  
Alternative – 
Inventory(a) 

Diesel 
Fuel Use 

Operation/ 
Construction Note 

Fuel Consumption Rate for 
Indicated Averaging Time 

(L/s) 

Treatment Facility 
 T plant modification 
 New - M-91constr  

 
1,200,000 
2,900,000 

 
4 yr 
4 yr 

 
2009-2012 
2009-2012 

 
0.042 
0.10 

 
0.014 
0.034 

 
0.0095 
0.023 

Borrow Activity 
 Utility extension 
 Borrow operations 

 
27,000 

5,960,000 

 
4 wk 
12.6 yr 

Prior to ops. 
As needed to cap  

 
0.047 
0.066 

 
0.016 
0.022 

 
8.6E-4 
0.015 

(a) Inventory considered – Lower bound (L) and Upper bound (U) waste volumes. 
(b) Simultaneous construction/activity assumed. 
(c) Assumed maximum of eight trucks operating on each trench at one time. 
(d) Assumed maximum of one truck operating on each trench at one time. 
(e) Assumed maximum of two trucks operating on each trench at one time. 
(f) Other years Alternative 1-L: 1000 liters/yr 1999-2005 and 1200 liters/yr 2008-2046. 
(g) Other years Alternative 1-U: 1100 liters/yr 1999-2004 and 2300 liters/y 2005-2046. 
(h) Assumed 6800 liters/y to backfill one current-design trench in one year. 
(i) Other years No Action: 1000 liters/yr 1999-2006. 
(j) Melter trench backfilling could occur over 15 campaigns or all-at-once.  All-at-once was assumed for 

conservatism (that is, highest emission rate of pollutants). 
CWC = Central Waste Complex 
LLW = low-level waste 
MLLW = mixed low-level waste 
T modif = T-Plant modification 
Source:  FH 2002. 

 1 
2 

 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

E.2 Earthmoving Emissions 

 Fugitive dust would be generated during Hanford solid waste activities as a result of various 
earthmoving activities and truck traffic.  The release rate of particulates (with aerodynamic diameters of 
30 µm or less) for earthmoving was estimated as 0.27 kg/(m2-month) (EPA 1995b).  This particulate 
emission rate was based on measurements made during the construction of apartments and shopping 
centers.  The characteristics of the soil in this study are similar to soil conditions found in the 200 Areas.  
Assuming that the construction activities generating this level of particulate emissions were active 
8 hr/day and 30 days/month, the particulate emission rate would amount to 3.1E-4 g/(m2- s). 
 
 Much of the fugitive dust generated by construction activities would be at the larger end of the 30-µm 
range and would tend to settle rapidly (Seinfeld 1986).  Experiments on dust suspension due to construc-
tion found that at 50 m (160 ft) downwind of the source, a maximum of 30 percent of the remaining 
suspended particulates at respirable height were in the PM10 range (EPA 1988).  Based on this factor, only 
30 percent of the total suspended particulates, or 9.3 g/(m2- s), would be emitted as PM10.  Dust suppres-
sion activities would further reduce PM10 emissions; however, the analysis took no credit for dust 
suppression activities. 
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Table E.8.  Average Propane Fuel Consumption Rates 1 
2  

Fuel Consumption Rate 
for Indicated Averaging 

Time (gal/s) Alternative/ 
Operation 

Maximum 
Propane Use 

(ton/yr)  

Operation 
Time of 

Max. Use 
(year) Note Hourly Daily Annual 

MLLW Leachate Pulse 
drier(a) 
    Alternative 1 – L 
    Alternative 1 – U  
    Alternative 2 – L 
    Alternative 2 – U 
    No Action 
    Melter trench 

 
(b) 

520 
615 
520 
615 
1630  
440  

 
 

1 yr 
1 yr 
1 yr 
1 yr 

Annually 
Annually 

 
 
 
 
Max year 2027 
Max year 2032 
Max 2026-2037 
Max 2026-2047 

 
 

0.030 
0.035 
0.030 
0.035 
0.093 
0.025 

 
 

0.0099 
0.012 
0.0093 
0.012 
0.031 
0.0083 

 
 

0.0068 
0.0080 
0.0068 
0.0080 
0.021 
0.0057 

CWC Vehicles 
    Alternative 1 – L&U 
    Alternative 2–L&U 
    No Action 

(c) 
7,600 L/y 
7,600 L/y 
32,400 L/y 

 
1 yr 
1 yr 
1 yr 

 
2002 
2002 
Max. 2014-2046 

 
2.8E-4 
2.8E-4 
0.0012 

 
9.3E-5 
9.3E-5 
4.0E-4 

 
6.4E-5 
6.4E-5 
2.7E-4 

(a) 0.16 metric tons propane required to process a cubic meter of leachate = 0.176 tons propane/m3 leachate. 
(b) Conversion factor for propane = 409.8 gal/ton (Lide 1991). 
(c) Conversion factor 1 liter = 0.265 gallons 
CWC = Central Waste Complex 
MLLW = mixed low-level waste 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

 
 The estimation of the annual and 24-hr average PM10 emission rates from earthmoving operations 
requires an estimate of the area being disturbed by earthmoving equipment.  Estimates of the amount of 
area that would be disturbed by earthmoving activities are presented in Table E.9.  The actual area that is 
actively being disturbed at any given time is estimated on a case-by-case basis.  In general, for work sites 
where operation/construction times exceed a year, 2 percent of the annual disturbed area is assumed to be 
active at any one time.  Work sites where the soil is actively disturbed for shorter periods of time have a 
correspondingly larger percentage of their total area being disturbed at any given time.  For example, 
consider the 22,000 m2 (236,800 ft2) that would be disturbed over a period of 40 days for LLW 
Construction activities under Alternative 1.  It was assumed that 2,200 m2 (23,680 ft2), about 10 percent of 
the total disturbed area, would be actively disturbed at any given moment during this construction 
activity.  Estimates of fugitive dust emissions from material stockpiles are conservatively determined by 
assuming that the entire stockpile, or an appropriate portion of the stockpile based on its size, is an active 
construction site. 
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Table E.9.  The Size of Disturbed Areas and Associated Durations for Various Activities/Alternatives 1 
2  

Operation/ 
Alternative–Inventory(a) 

Size of 
Disturbed Area

(Meter2) 

Duration of Operation/ 
Construction 

(Time) 

Average Amount of 
Area Disturbed Over 
Duration of Activity 

Percentage of 
Total Area 
Disturbed 

LLW Construction 
    Alternative 1 – L 
    Alternative 1 – U 
    Alternative 2 – L(b) 

    Alternative 2 – U(b) 

 No Action (b) 

 
22,000 
22,000 

3 x 5,500 
5 x 5,500 
3 x 5,500 

 
40 d 
40 d 
40 d  
40 d 
40 d 

 
2,200 
2,200 
1,650 
2,750 
1,650 

 
10 
10 
10 
10 
10 

MLLW Construction 
    Alternative 1 – L 
    Alternative 1 – U 
    Alternative 2 – L 

    Alternative 2 – U 

 No Action  
 Melter trench 

 
15,000 
30,000 

2 x 6,000 
3 x 6,000 

6,000 
60,000(b) 

 
1 yr 
1 yr 
28 wk 
28 wk 
28 wk 
40 wk 

 
300 
600 
430 
640 
200 
1500 

 
2.0 
2.0 
3.6 
3.6 
3.3 
2.5 

CWC Construction 
 No Action – 8 buildings 
    No Action – pad constr. 

 
8 x 10,000 

1,000 

 
1 yr 
50 d 

 
1600 
100 

 
2.0 

10.0 
LLW Capping 
   Alternative 1– L&U 
   Alternative 2– L&U 

 
935,000 
935,000 

 
4 yr 
4 yr 

 
4700 
4700 

 
0.50 
0.50 

MLLW Capping  
   Alternative 1– L 
   Alternative 1– U 
   Alternative 2– L 
   Alternative 2– U 
   No Action 
   Melter trench 

 
15,000 
30,000 

2 x 6,000 
2 x 6,000 

6,000 
35,000 

 
8 wk 
15 wk 
3 wk 
3 wk 
3 wk 
20 wk 

 
1500 
1500 
1200 
1200 
600 
1800 

 
10 
5 
10 
10 
10 
5 

LLW Backfilling 
    Alternative 1 – L 
    Alternative 1 - U 
    Alternative 2 – L 
    Alternative 2 - U 
    No Action 

 
1,800 
7,100 

15,000 
25,000 
15,000 

 
1 yr 
1 yr 
1 yr 
1 yr 
1 yr 

 
40 

140 
300 
500 
300 

 
2.2 
2.0 
2.0 
2.0 
2.0 

MLLW Backfilling(d) 
    Alternative 1 – L 
    Alternative 1 – U 
    Alternative 2 – L 
    Alternative 2 - U 
    No Action 
    Melter trench 

 
1,500 max 
3,000 max 
6,000 max 

12,000 max 
1,500 max 
35,000 (c) 

 
1 yr 
1 yr 
1 yr 
1 yr 
1 yr 
6 wk 

 
30 
60 

120 
240 
30 

3500 

 
2.0 
2.0 
2.0 
2.0 
2.0 
1.0 

Treatment Facility 
    T Plant modif 
    New M-91constr.  

 
35,000 
35,000 

 
4 yr 
4 yr 

 
200 
200 

 
0.57 
0.57 

Borrow Activity 
 Borrow operations 

 
810,000 

 
12 yr 

 
1600 

 
0.20 

(a)  Inventory considered – Lower bound (L) and Upper bound (U). 
(b)  Includes road construction. 
(c)  Waste area only; all-at-once backfilling considered to maximize emission rate of particulates. 
(d)  See Table E.7, MLLW Backfilling, for years of maximum disturbance. 
 3 
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E.3 Air Quality Impacts for the Alternatives  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

 
 Putting together all the previous information, including unit dispersion factors (from ISCST3 model 
runs), fuel consumption rates, size of disturbed areas, and emission factors, the worst-case air quality 
impacts associated with each major category of project activity were calculated.  Table E.10 provides the 
maximum air quality impacts for activities conducted in the 200 Area under the assumptions noted for 
each activity in Tables E.7 and E.8.  Construction and capping activities for both LLW and MLLW are 
generally the greatest sources of pollutants and resulting air quality impacts.  For particulate matter, LLW 
Capping and CWC Construction would be major sources of PM10 (particularly if multiple CWC buildings 
are being constructed simultaneously, as assumed in a worst-case scenario).  For SO2 and CO, the largest 
air quality impacts would be associated with the MLLW Construction under Alternative 2 – Upper bound 
volume.  For other alternatives, the MLLW Construction would also generate larger air quality impacts 
for SO2 and CO; however, under different alternatives, the LLW Construction, MLLW Capping, LLW 
Capping, or CWC Construction of multiple buildings would be the dominant contributors to SO2 and CO 
air quality impacts.  For NO2, LLW Capping would produce the largest air quality impact.  The 
contribution to the maximum annual NO2 air concentration from LLW Capping is estimated at more than 
double that of any other activity.  The following tables present impacts for peak years; all other years 
would be at lower or equivalent levels.  Table E.11 indicates the maximum levels of impacts estimated for 
any single activity for each air pollutant. 
 
 The estimated maximum air quality impacts for activities in the borrow pit area are provided in 
Table E.12.  Comparisons with ambient air quality standards are also provided.  While specific borrow pit 
activities may change from alternative to alternative, the absolute maximum air quality impact would be 
the same for each alternative.  All air quality impacts are well within ambient air quality standards, even 
using the very conservative assumptions associated with this analysis.  The greatest potential impact with 
respect to the air quality standards would result from SO2 emissions.  Even using the worst-case assump-
tions employed in the modeling, maximum air quality impacts are less than 20 percent of the most 
restrictive standard. 
 
Although not governed by ambient air quality standards, a potential concern for public safety is a short-
term, wind-blown dust event that could limit visibility on Highway 240 and cause problems for passing 
motorists.  To guard against this, a dust-suppression program is planned for the borrow pit area (see 
Section E.1). 
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Table E.10.  Maximum Concentrations of Pollutants (µg/m3) for Each Major Activity and Alternative(a) 1 
2  

Maximum Air Quality Impacts (µg/m3) for the Indicated Averaging Periods 
PM10

(b) SO2 CO NO2 
 24 hr Annual 1 hr 3 hr 24 hr Annual 1 hr 8 hr Annual 
LLW Construction          

Alternative 1 - L 5.7E+00 1.6E-02 6.7E+00 2.6E+00 1.7E-01 4.9E-04 1.4E+02 3.4E+01 2.6E-02 
Alternative 1 - U 5.7E+00 1.6E-02 6.7E+00 2.6E+00 1.7E-01 4.9E-04 1.4E+02 3.4E+01 2.6E-02 
Alternative 2 - L 5.0E+00 1.4E-02 9.9E+00 3.8E+00 2.6E-01 7.3E-04 2.0E+02 5.0E+01 3.9E-02 
Alternative 2 - U 8.3E+00 2.3E-02 1.7E+01 6.6E+00 4.4E-01 1.2E-03 3.5E+02 8.5E+01 6.6E-02 
No Action 5.3E+00 1.5E-02 9.9E+00 3.8E+00 2.6E-01 7.3E-04 2.0E+02 5.0E+01 3.9E-02 

          
MLLW Construction          

Alternative 1 - L 9.1E-01 2.1E-02 2.0E+00 7.7E-01 5.1E-02 8.9E-04 4.1E+01 9.9E+00 4.8E-02 
Alternative 1 - U 1.8E+00 4.3E-02 4.0E+00 1.5E+00 1.0E-01 1.8E-03 8.2E+01 2.0E+01 9.8E-02 
Alternative 2 - L 3.1E+00 2.0E-02 1.8E+01 6.9E+00 4.6E-01 1.3E-03 3.7E+02 8.9E+01 7.2E-02 
Alternative 2 - U 4.8E+00 2.9E-02 2.7E+01 1.0E+01 7.1E-01 2.0E-03 5.6E+02 1.3E+02 1.1E-01 
No Action 1.5E+00 9.4E-03 9.2E+00 3.6E+00 2.3E-01 6.8E-04 1.9E+02 4.6E+01 3.6E-02 
Melter Trench 4.4E+00 7.6E-02 9.2E+00 3.6E+00 2.3E-01 2.0E-03 1.9E+02 4.6E+01 1.1E-01 

          
CWC Construction          

No Action per bldg 3.7E+00 9.4E-02 8.5E-01 3.3E-01 2.2E-02 3.8E-04 1.8E+01 4.3E+00 2.0E-02 
No Action – RH 
TRU Pad 3.7E-01 1.3E-03 1.2E+00 4.7E-01 3.1E-02 1.1E-04 2.5E+01 6.0E+00 5.9E-03 

          
Transporting 
Capping Materials          

All Alternatives  3.7E+00 9.6E-02 2.5E+00 9.7E-01 6.5E-02 1.7-03 8.0E+01 2.0E+01 3.5E-02 
          
LLW Capping           

All Alternatives 1.2E+01 2.9E-01 9.2E+00 3.6E+00 2.3E-01 4.1E-03 1.9E+02 4.6E+01 2.2E-01 
          
MLLW Capping          

Alternative 1 - L 4.4E+00 1.6E-02 9.2E+00 3.6E+00 2.3E-01 6.5E-04 1.9E+02 4.6E+01 3.5E-02 
Alternative 1 - U 4.4E+00 3.1E-02 9.2E+00 3.6E+00 2.3E-01 1.2E-03 1.9E+02 4.6E+01 6.6E-02 
Alternative 2 - L 4.9E+00 6.3E-03 1.8E+01 6.9E+00 4.6E-01 4.9E-04 3.7E+02 8.9E+01 2.6E-02 
Alternative 2 - U 4.9E+00 6.3E-03 1.8E+01 6.9E+00 4.6E-01 4.9E-04 3.7E+02 8.9E+01 2.6E-02 
No Action 2.4E+00 3.1E-03 9.2E+00 3.6E+00 2.3E-01 2.4E-04 1.9E+02 4.6E+01 1.3E-02 
Melter Trench 5.1E+00 4.8E-02 9.2E+00 3.6E+00 2.3E-01 1.7E-03 1.9E+02 4.6E+01 9.1E-02 
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Table E.10.  (contd) 
 

Maximum Air Quality Impacts (µg/m3) for the Indicated Averaging Periods 
PM10

(b) SO2 CO NO2 
 24 hr Annual 1 hr 3 hr 24 hr Annual 1 hr 8 hr Annual 
LLW Backfilling           

Alternative 1 - L 2.3E-01 2.3E-03 1.1E+00 4.4E-01 2.9E-02 3.7E-06 2.4E+01 5.7E+00 2.0E-04 
Alternative 1 - U 6.0E-01 8.1E-03 2.3E+00 8.8E-01 6.0E-02 1.4E-05 4.7E+01 1.1E+01 7.5E-04 
Alternative 2 - L 1.1E+00 1.7E-02 3.4E+00 1.3E+00 8.7E-02 3.0E-05 7.0E+01 1.7E+01 1.6E-03 
Alternative 2 - U 1.8E+00 2.9E-02 5.6E+00 2.2E+00 1.4E-01 5.1E-05 1.2E+02 2.8E+01 2.7E-03 
No Action 1.1E+00 1.7E-02 3.4E+00 1.3E+00 8.7E-02 3.0E-05 7.0E+01 1.7E+01 1.6E-03 

          
MLLW Backfilling           

Alternative 1 - L 6.9E-02 1.8E-03 1.7E-02 6.6E-03 4.3E-04 7.6E-06 3.5E-01 8.5E-02 4.1E-04 
Alternative 1 - U 1.4E-01 3.5E-03 3.3E-02 1.3E-02 8.7E-04 1.5E-05 6.9E-01 1.7E-01 8.3E-04 
Alternative 2 - L 2.8E-01 7.1E-03 6.7E-02 2.6E-02 1.7E-03 3.1E-05 1.4E+00 3.3E-01 1.7E-03 
Alternative 2 - U 5.5E-01 1.4E-02 1.3E-01 5.2E-02 3.4E-03 6.1E-05 2.8E+00 6.7E-01 3.2E-03 
No Action 6.9E-02 1.8E-03 1.7E-02 6.6E-03 4.3E-04 7.6E-06 3.5E-01 8.5E-02 4.1E-04 
Melter Trench 7.9E+00 2.4E-02 4.9E-01 1.9E-01 1.3E-02 1.1E-04 1.0E+01 2.4E+00 6.0E-03 

          
Treatment Plant          

T Plant  mod 8.1E-01 1.8E-02 3.0E+00 1.2E+00 7.6E-02 1.3E-03 6.1E+01 1.5E+01 7.2E-02 
New M91 Const 1.3E+00 2.7E-02 7.1E+00 2.7E+00 1.9E-01 3.2E-03 1.5E+02 3.5E+01 1.7E-01 

          
MLLW Leachate          

Alternative 1 - L 2.0E-03 3.6E-05 NA NA NA NA 4.2E+00 1.0E+00 1.1E-02 
Alternative 1 - U 2.4E-03 4.2E-05 NA NA NA NA 4.9E+00 1.2E+00 1.3E-02 
Alternative 2 - L 1.9E-03 3.6E-05 NA NA NA NA 4.2E+00 1.0E+00 1.1E-02 
Alternative 2 - U 2.4E-03 4.2E-05 NA NA NA NA 4.9E+00 1.2E+00 1.3E-02 
No Action 6.3E-03 1.1E-04 NA NA NA NA 1.3E+01 3.2E+00 3.5E-02 
Melter Trench 1.7E-03 3.0E-05 NA NA NA NA 3.5E+00 8.5E-01 9.4E-03 

          
CWC Vehicles          

Alternative 1 L 1.9E-05 3.3E-07 NA NA NA NA 3.9E-02 9.5E-03 1.1E-04 
Alternative 1 U 1.9E-05 3.3E-07 NA NA NA NA 3.9E-02 9.5E-03 1.1E-04 
Alternative 2 - L 1.9E-05 3.3E-07 NA NA NA NA 3.9E-02 9.5E-03 1.1E-04 
Alternative 2 - U 1.9E-05 3.3E-07 NA NA NA NA 3.9E-02 9.5E-03 1.1E-04 
No Action 8.1E-05 1.4E-06 NA NA NA NA 1.7E-01 4.1E-02 4.5E-04 

NA  = “Not Applicable” – There are no SO2 emissions from the propane used for this activity. 
(a)  Maximum air concentrations of the pollutant for the averaging time for any activity are indicated with bold text. 
(b)  Includes both fugitive dust and diesel combustion particulates. 

 1 
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 Table E.11. Maximum Concentrations of Pollutants (µg/m3) for Each Major 200 Area Activity and 
Alternative 

1 
2 
3  

PM10 SO2 CO NO2 
 24 hr Annual 1 hr 3 hr 24 hr Annual 1 hr 8 hr Annual

Ambient Air Quality Standard 
(µg/m3) 150 50 1,000 1,300 260 50 40,000 10,000 100 

200 Area Activity with 
Maximum Air Impacts Maximum Air Quality Impacts (Percent of Regulatory Standard) 

MLLW Construction 
  Alternative 2-Upper Bound   2.7 0.8 0.3  1.4 1.3  

LLW Capping 
  All alternatives 8 0.6    0.01   2.2 

4 
5 
6 

 
Table E.12.  Maximum Air Quality Impacts from Borrow Pit Operations (2047) 

 

Maximum Air Quality Impacts  

Pollutant 
Averaging 

Time 

Ambient Air 
Quality Standard 

(µg/m3) 
Maximum Pollutant 

Concentration (µg/m3)
Percent of 
Standard 

24 hr 150 5.6(a) 3.7  PM10 

Annual 50 0.010(a) 0.02 

1 hr 1,000 180 18 

3 hr 1,300 140 11 

24 hr 260 0.17  0.065 

SO2 

Annual 50 0.001 0.001 

CO 1 hr 40,000 3,600 9.0 

 8 hr 10,000 1,700 17 

NO2 Annual 100 0.02 0.02 

(a) Air quality impacts assume only minimal dust control at the borrow pits.  In practice a 
dust control program would substantially reduce emissions. 

7  
 Alternative 1.  Incorporating information from Table E.10 and information on project timelines 
(Tables E.3 through E.5), maximum air quality impacts associated with 200 Area emissions for 
Alternative 1 are reported in Table E.13.  A representative year for maximum pollutant emissions and air 
quality impacts for this alternative would be 2047.  During this period, LLW Capping and final MLLW 
Capping would be occurring in the 200 Area.  Other sources of pollutions, such as limited MLLW 
Leachate operations, would also be ongoing in the 200 Areas.  Considering only non-borrow pit activities,  

8 
9 

10 
11 
12 
13 
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Table E.13.  Maximum Air Quality Impacts from 200 Area Activities for Alternative 1 (2047) 1 
2  

   Lower Bound Volume Upper Bound Volume 

Pollutant 
Averaging 

Time 

Ambient Air 
Quality 

Standard 
(µg/m3) 

Maximum  
Air Quality 

Impacts 
(µg/m3) 

Percent of 
Standard 

Maximum  
Air Quality 

Impacts 
(µg/m3) 

Percent of 
Standard 

24 hr 150 19 13 19 13 PM10 

Annual 50 0.42  0.84 0.42 0.8 

1 hr 1,000 21 21 21 2.1 

3 hr 1,300 8.2 0.63 8.2 0.63 

24 hr 260 0.65  0.25 0.65  0.25 

SO2 

Annual 50 0.007 0.01 0.008 0.02 

1 hr 40,000 460 1.2 460 1.2 CO 

8 hr 10,000 110 1.1 110 1.1 

NO2 Annual 100 0.36 0.36 0.39 0.39 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

 
all air quality impacts during this year would be well within ambient air quality standards even using the 
conservative assumptions associated with this analysis.  The greatest potential impacts with respect to the 
air quality standards are associated with the 24-hr PM10 and 1-hr SO2 standards when using the 
conservative assumptions employed in the modeling. 
 
 Borrow pit operations would be going at the same time as the 200 Area operations that produce the 
air quality impacts outlined in Table E.13.  As a result, the maximum air quality impacts associated with 
Alternative 1 would represent a combination of results from Tables E.12 and E.13.  The maximum impact 
can be obtained by selecting the largest values for 1, 3, 8, and 24 hr from these two tables. 
 
 Alternative 2.  Incorporating information from Table E.10 and information on project timelines 
(Tables E.3 through E.5), maximum air quality impacts associated with 200 Area emissions for 
Alternative 2 are reported in Table E.14 and Table E.15.  Depending on the pollutants, the years for 
maximum emissions and air quality impacts for this alternative would be 2007 and 2047.  During 2007, 
LLW Construction, MLLW Construction, and MLLW Capping would be occurring in the 200 Area.  
During 2047, LLW Capping, final MLLW Capping, and MLLW Leachate operations would be occurring 
in the 200 Area. 

14 
15 
16 
17 
18 
19 
20 
21 
22 
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Table E.14.  Maximum Air Quality Impacts from 200 Area Activities for Alternative 2 (2007) 1 
2  

Lower Bound Volume Upper Bound Volume 

Pollutant 
Averaging 

Time 

Ambient Air 
Quality 

Standard 
(µg/m3) 

Maximum  
Air Quality 

Impacts 
(µg/m3) 

Percent of 
Standard 

Maximum  
Air Quality 

Impacts 
(µg/m3) 

Percent of 
Standard 

24 hr 150 17 11 22 15 PM10 

Annual 50 0.14  0.28 0.16 0.32 

1 hr 1000 48 4.8 65 6.5 

3 hr 1300 19 1.4 24 1.8 

24 hr 260 1.4  0.53 1.8  0.69 

SO2 

Annual 50 0.005 0.01 0.006 0.01 

1 hr 40,000 1000 2.5 1400 3.5 CO 

8 hr 10,000 250 2.5 320 3.2 

NO2 Annual 100 0.24 0.24 0.30 0.30 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

 
 Considering only non-borrow pit activities, all air quality impacts during both of these years would be 
well within ambient air quality standards even using the very conservative assumptions associated with 
this analysis.  In 2007, the greatest potential impacts with respect to the air quality standards are 
associated with 24-hr PM10 and 1-hr SO2 concentrations.  Even using the conservative assumptions 
employed in the modeling, this maximum air quality impact (for 24-hr PM10 concentration) would only be 
about 15 percent of the applicable air quality standard.  In 2047, most short-term and 24-hr air quality 
impacts are lower than in 2007; only the annual impacts and the lower bound 24-hr PM10 impacts would 
potentially be slightly higher.  All annual impacts are less than 1 percent of their applicable standards.  
Compared to the other alternatives, the Alternative 2 – Upper Bound Volume would produce the greatest 
air quality impacts for SO2 and CO. 
 
 Borrow pit operations would be going at the same time as the 200 Area operations that produce the 
air quality impacts outlined in Tables E.14 and E.15.  As a result the maximum air quality impacts 
associated with Alternative 2 would represent a combination of results from Table E.12 and Tables E.14 
or E.15.  The maximum impact can be obtained by selecting the greatest values for 1, 3, 8, and 24 hr from 
these three tables.  Annual air quality impacts can be conservatively estimated by adding the annual 
impacts in these two tables. 
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Table E.15.  Maximum Air Quality Impacts from 200 Area Activities for Alternative 2 (2047) 1 
2  

Lower Bound Volume Upper Bound Volume 

Pollutant 
Averaging 

Time 

Ambient Air 
Quality 

Standard 
(µg/m3) 

Maximum 
Air Quality 

Impacts 
(µg/m3) 

Percent of 
Standard 

Maximum 
Air Quality 

Impacts 
(µg/m3) 

Percent of 
Standard 

24 hr 150 21 14 21 14 PM10 

Annual 50 0.40  0.8 0.40 0.80 

1 hr 1000 30 3.0 30 3.0 

3 hr 1300 11 0.84 11 0.84 

24 hr 260 0.9  0.34 0.9  0.34 

SO2 

Annual 50 0.007 0.01 0.007 0.01 

1 hr 40,000 640  1.6 640  1.6 CO 

8 hr 10,000 160 1.6 160 1.6 

NO2 Annual 100 0.35 0.35 0.35 0.35 

3  
 No Action Alternative.  Incorporating information from Table E.10 and information on project 
timelines (Tables E.3 through E.5), maximum air quality impacts associated with 200 Area emissions for 
the No Action Alternative are reported in Table E.16.  A representative year for maximum pollutant 
emissions and air quality impacts for this alternative would be 2007.  During this period, LLW 
Construction, MLLW Capping, and CWC Building Construction would be occurring in the 200 Area.  
Considering only non-borrow pit activities, all air quality impacts during this year would be well within 
ambient air quality standards, even using the conservative assumptions associated with this analysis.  The 
greatest potential impacts with respect to the air quality standards are associated with the 24-hr PM

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

10 
standard.  Even using the conservative assumptions employed in the modeling, this maximum 24-hr PM10 
air concentration would only be about 25 percent of the applicable air quality standard.  Compared to the 
other alternatives, the No Action Alternative would produce the greatest air quality impact for PM10. 
 
 Borrow pit operations would be going at the same time as the 200 Area operations that produce the 
air quality impacts outlined in Table E.13.  As a result, the maximum air quality impacts associated with 
the No Action Alternative would represent a combination of results from Tables E.12 and E.16.  The 
maximum impact can be obtained by selecting the greatest values for 1, 3, 8, and 24 hr from these two 
tables.  Annual air quality impacts can be conservatively estimated by adding the annual impacts in these 
two tables. 
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Table E.16.  Maximum Air Quality Impacts from 200 Area Activities for No Action Alternative (2007) 1 
2  

Maximum Air Quality Impacts  

Pollutant 
Averaging 

Time 
Ambient Air Quality 

Standard (µg/m3) 

Lower Bound 
Inventory  

(µg/m3) 
Percent of 
Standard 

PM10 24 hr 150 37 25 

 Annual 50 0.8 1.6 

SO2 1 hr 1000 28 2.8 

 3 hr 1300 15 1.2 

 24 hr 260 0.8 0.31 

 Annual 50 0.007 0.01 

CO 1 hr 40,000 600 1.5 

 8 hr 10,000 150 1.5 

NO2 Annual 100 0.3 0.30 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

 
 Although there are some differences between the alternatives in maximum air quality impacts, these 
differences are relatively small.  No combination of activities addressed in these alternatives is calculated 
to exceed ambient air quality standards.  The use of less conservative (that is, more realistic) assumptions 
in estimating emissions and modeling atmospheric dispersion would substantially lower estimates of the 
maximum air quality impacts. 
 
E.4 General Conformity Review 
 
 U. S. Department of Energy (DOE) guidance suggests a method to formally report how EIS actions 
relate to the Clean Air Act (42 USC 7491) which implements General Conformity Requirements 
(DOE 2000).  The CAA General Conformity Requirements is, in general, another method to validate the 
acceptability of the release estimates resulting from an action.  The guidance requires that a conformity 
review be conducted to determine if detailed analyses and reporting would be required for EIS actions to 
be conducted.  Most importantly, it is intended to ensure that actions would not further impair or sustain 
current excesses of criteria pollutant levels.  This review would allow faster implementation of the action, 
once a record of decision or finding of no significant impact is issued.  It is important to note that the 
emissions reported in a conformity review may be narrower than sources considered in an EIS air quality 
assessment (DOE 2000). 
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 The conformity review process consists of answering four questions: 
 
  1. Are criteria pollutants emitted? 
 
  2. Would criteria pollutant emissions occur in a non-attainment or maintenance area? 
 
  3. Is the action(s) exempt from the CAA Conformity Requirements? 
 
  4. What are the estimated emissions and how do they compare to the non-attainment (or maintenance) 

area threshold emission rates and emission inventory? 
 
 The DOE (2000) recommends that a conformity review be conducted for each EIS alternative.  
Normally, a conformity review is not needed for the No Action Alternative (DOE 2000).  The results of 
the conformity review are presented in Table E.17.  As a result of the conformity review process, it has 
been determined that a Conformity Determination need not be conducted. 
 

Table E.17.  Conformity Review for the Baseline and Regional Alternatives 
 

Question Alternative 1 Alternative 2  

1 Yes Yes 

2 No, the Hanford Site is an attainment area.(a) No, the Hanford Site is an attainment area.(a) 

3 No, therefore the actions are not exempt 
outright from air quality requirements. 

No, therefore the actions are not exempt 
outright from air quality requirements. 

4 The Hanford Site is in an attainment area.  
Also, the estimated maximum releases do not 
exceed Clean Air Act Criteria Pollutant 
standards. 

The Hanford Site is in an attainment area.  
Also, the estimated maximum releases do 
not exceed Clean Air Act Criteria Pollutant 
standards 

(a) DOE (1999). 
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Methods for Evaluating Impacts on Health from 
Radionuclides and Chemicals 

 
 
 This appendix describes details of the methodology used to evaluate health impacts for the 
alternatives considered in the Hanford Site Solid (Radioactive and Hazardous) Waste Program 
Environmental Impact Statement (HSW EIS).  Unless otherwise specified, the data used for the analysis 
is provided in the Technical Information Document prepared by Fluor Hanford (FH 2002), the Solid 
Waste Information Tracking System (SWITS) database (Anderson and Hagel 1996, Hagel 1999, 
FH 2002), or the Solid Waste Integrated Forecast Technical (SWIFT) Report (Barcot 1999, 2002). 
 
F.1 Normal Operation Impact Assessment Methods 
 
 Under normal operations, atmospheric releases of radionuclides and chemicals would be likely.  This 
section describes methods used to estimate annual quantities released, atmospheric transport, exposure 
scenarios, and health impacts assessment of these releases. 
 
 The methods used are based on source and waste stream information presented in Section 3.0, 
Description and Comparison of Alternatives, and on the affected environment from Section 4.0, Affected 
Environment.  The atmospheric transport and health impacts were evaluated using the Multimedia 
Environmental Pollutant Assessment System (MEPAS) Version 4.0 (Droppo and Buck 1996; Strenge and 
Chamberlain 1995).  This version is an enhancement of earlier versions (for instance, Version 3.1, Buck 
et al. 1995 and Version 3.2, Buck et al. 1997).  It is designed to operate under the Framework for Risk 
Analysis in Multimedia Environmental Systems (FRAMES) described by Whelan et al. (1997).  The 
MEPAS program was selected because it is capable of evaluating health impacts from radionuclides and 
chemicals, and can model time-varying releases, deposition, and accumulation in soil.  Doses to 
postulated hypothetical maximally exposed individuals (MEIs) are intended to bound potential impacts 
but not to reflect an expected set of typical circumstances. 
 
 The atmospheric dispersion models in the MEPAS program provide nearly identical results to those 
generated using the U.S. Environmental Protection Agency (EPA) CAP88 program, as verified in a 
benchmarking study performed on the MEPAS, MMSOILS, and RESRAD computer programs 
(Mills et al. 1997).  The RESRAD program employed the CAP88 program for atmospheric transport 
calculations (Cheng et al. 1995). 
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 Pollutant releases to the atmosphere may occur from any of the facilities handling or containing any 
of the several waste streams identified for the HSW EIS as described in Section 2.0.  The release rate 
must be evaluated as a function of time during the period of operation because the volumes of waste 
processed vary by year.  For a given facility and year, the annual release is determined by the quantity of 
waste processed or stored in the facility during the year, the average concentration of each pollutant in the 
waste while in the facility, and the fraction of the pollutant that is released to the atmosphere.  The annual 
release from a given facility can be expressed by the following equation. 
 

  (F.1) ∑=
=

n

1i
iii FCVR

 
where Ri = release rate of pollutant i from a facility during a given year (Ci/yr or kg/yr) 
 V = volume of waste stream processed in a facility (m3/yr) 
 Ci = average concentration of pollutant i in a waste stream (Ci/m3 or kg/m3) 

Fi  = release fraction for pollutant i from a waste stream processed in a given facility 
(dimensionless) 

 n = number of waste streams processed in the facility. 
 
 The waste stream volumes are described in Section 2.0 and in Appendixes B and C.  The presumed 
average concentration of constituents in each waste stream is provided in Tables F.2 through F.18.  Waste 
stream designations are as given in Appendix B.  Table F.1 is a cross-reference to the tables providing 
concentration data for each waste stream for each alternative.  The radionuclides included in each waste 
stream are those that contribute greater than 0.1% to inhalation or ingestion dose based on the 
concentration in the given waste stream.  Short-lived radionuclides that are generated from a longer-lived 
radionuclide (e.g., yttrium-90 from strontium-90) in the inventory are not included in the lists because 
their contributions are included with the parent radionuclide in the dose analysis. 
 
 The analysis of health impacts is performed for each facility using the facility release characteristics 
(for example, stack height and exit velocity) and annual release rates as input to the atmospheric transport 
analysis.  The transport and exposure pathway analyses evaluate downwind transport, deposition, soil 
accumulation, and transfer through exposure pathways to the exposed individuals. 
 
 The release fractions have been defined for each facility and pollutant using information and methods 
from past analyses.  Facilities not included in the list are not expected to release contaminants under 
normal operating conditions. 
 
 Release fractions were estimated for each facility handling waste included in the HSW EIS.  These 

facilities and the waste streams associated with each facility are described in Section 2.0 and Appen-
dixes B and C.  Generally, the release fraction estimation is based on previous studies involving 
the existing facilities or on values for similar facilities.  Guidance from 40 CFR 61, Appendix D also 
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Table F.1.  Summary of Waste Stream Concentration Tables 1 
2  

Stream 
No.(a) Waste Stream Description(b) Alternative 1 Alternative 2 No Action 

1 LLW Cat 1 F.2 F.2 F.2 

2 LLW Cat 3 F.3 F.3 F.3 

1 and 2 LLW from Offsite  F.4 F.4 F.4 

2c2 LLW Cat 3 for T Plant Processing F.5 F.5 F.5 

4 TRU-RH Waste in Trenches F.6 F.6 F.6 

4 TRU-CH Waste in Trenches F.7 F.7 F.7 

5 TRU Waste in Caissons F.8 F.8 F.8 

8 TRU Waste Containing PCBs F.9 F.9 F.9 

9 TRU-RH and CH Drums and SWBs F.10 F.10 F.10 

10A TRU-CH Boxes F.10 F.10 F.10 

10B RH-TRU Waste Boxes F.11 F.11 F.11 

11 MLLW-Treated Ready for Disposal F.12 F.12 F.12 

12 MLLW-RH and Large Boxes F.13 F.13 F.13 

13 MLLW-CH F.14 F.14 F.14 

14 Elemental Lead F.15 F.15 F.15 

15 Elemental Mercury F.16 F.16 F.16 

17 K Basin Sludge F.17 F.17 F.17 

18 Leachate from MLLW Trenches F.18 F.18 F.18 

(a)  Waste stream designations are as described in Appendix B. 
(b)  CH = contact-handled; LLW = low-level waste; MLLW = mixed low-level waste; PCB = 

polychlorinated biphenyls; RH = remote-handled; SWB = standard waste box; 
TRU = transuranic 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

 
is used for release fraction estimates for the Waste Receiving and Processing Facility (WRAP), the 
T Plant Complex, the new M-91 facility, and leachate treatment by pulse driers.  That guidance includes 
the following conventions: 
 
  1. Radioactive materials in sealed packages that remain unopened, and have not leaked during the 

assessment period, were not included in the calculation. 
  2. The release fraction for gaseous material is 1. 
  3. The release fraction for liquids and particulate solids is 0.001. 
  4. The release fraction for solids is 1E-6. 
  5. Credit can be taken for control devices (for example, filters) installed between the place of use and 

the point of release (except for gaseous radionuclides). 
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Table F.2.  Stream 1 – Low-Level Waste Category 1 1 
2  

Constituent Concentration, Ci/m3 

Americium-241 6.41E-6 

Cobalt-60 1.07E-3 

Cesium-137 1.01E-4 

Iron-55 2.46E-3 

Manganese-54 3.29E-3 

Nickel-63 8.62E-4 

Plutonium-238 2.16E-6 

Plutonium-239 3.11E-5 

Plutonium-240 7.87E-6 

Plutonium-241 2.11E-4 

Strontium-90 1.20E-4 

Tritium 4.49E+0 

3 
4 
5 

 
Table F.3.  Stream 2 – Low-Level Waste Category 3 

 

Constituent Concentration, Ci/m3 

Americium-241 7.94E-3 

Curium-244 1.00E-3 

Cesium-137 9.77E+0 

Plutonium-238 1.97E-3 

Plutonium-239 9.44E-3 

Plutonium-240 3.73E-3 

Plutonium-241 2.23E-1 

Strontium-90 1.24E+1 

Tritium 1.62E-3 

Uranium-234 1.89E-2 

Uranium-235 5.40E-4 

Uranium-236 2.44E-3 

Uranium-238 3.04E-2 

6 
7 
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Table F.4.  Streams 1 and 2 – Low-Level Waste Offsite Sources(a) 

F.5 
D

raft H
SW

 EIS A
pri

1 
2  

Source Site(a) and Waste Stream Concentrations, Ci/m3 
Radionuclide BNL           GE VAL GJPO INEEL ITRI LLNL ORR PNTX RFETS SNL SPRU WV

Tritium             9.66E-5 6.66E+1 1.73E-2 6.97E-3 8.60E+0 5.81E-4 2.47E-5 1.14E+0 1.45E-4 4.80E-1

Carbon-14              2.31E-3 2.92E-3 1.73E-6 4.30E-5 4.07E-4 1.32E-11 4.07E-4

Cobalt-60          1.41E-6 6.18E-4 8.17E+1 3.21E-2 9.50E-1 7.04E-5 9.50E-1

Nickel-59            4.39E-1 1.41E-7 4.70E-3 8.72E-8 4.70E-3

Nickel-63            1.56E+1 5.76E-1 2.12E-1 3.81E-6 2.12E-1

Strontium-90 3.39E-4 3.14E-3        1.14E-2 2.29E-3 4.74E-11 2.53E-1 4.23E-4 2.53E-1

Technetium-99            1.40E-5 2.56E-7 4.19E-5 9.57E-10 4.19E-5

Cesium-137 5.52E-4 2.18E-3 5.52E-14 2.20E-1      2.17E-1 1.70E-8 1.68E-1 6.80E-4 1.68E-1

Uranium-234 7.52E-8       3.08E-6 1.59E-4 7.36E-6 3.15E-7 1.41E-4 3.61E-6 1.41E-4

Uranium-235 2.66E-8       4.36E-5 7.21E-4 1.26E-6 9.47E-11 7.14E-6 1.67E-7 7.14E-6

Uranium-238             5.76E-8 1.88E-3 5.84E-4 4.96E-4 7.85E-5 7.89E-5 2.68E-7 3.27E-4 1.17E-5 3.27E-4

(a) BNL = Brookhaven National Laboratory ORR = Oak Ridge Reservation 
 GE Val = General Electric – Vallecitos PNTX = Pantex Facility 
 GJPO = Grand Junction Project Office RFETS = Rocky Flats Environmental Technology Site 
 INEEL = Idaho National Engineering and Environmental Laboratory SNL = Sandia National Laboratories 
 ITRI = Inhalation Toxicology Research Institute SPRU = Separations Process Research Unit 
 LLNL = Lawrence Livermore National Laboratory WV = West Valley Nuclear Services 

 3 
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Table F.5.  Stream 2c2 – Low-Level Waste Category 3 Offsite Sources for T Plant Processing(a) 

 H
SW

 EIS A
pril 2002 

F.6 

1 
2  

Radionuclide Source Site and Waste Stream Concentrations, Ci/m3 

BNL GE VAL GJPO INEEL ITRI LLNL ORR PNTX RFETS SNL SPRU WV

Tritium             3.06E-5 2.11E+1 5.48E-3 2.20E-3 2.73E+0 1.84E-4 7.82E-6 3.60E-1 4.57E-5 1.52E-1

Carbon-14             7.32E-4 9.24E-4 5.46E-7 1.36E-5 1.29E-4 4.19E-12 1.29E-4

Cobalt-60           4.47E-7 1.95E-4 2.59E+1 1.01E-2 3.01E-1 2.23E-5 3.01E-1

Nickel-59            1.39E-1 4.47E-8 1.49E-3 2.76E-8 1.49E-3

Nickel-63            4.93E+0 1.82E-1 6.70E-2 1.21E-6 6.70E-2

Strontium-90 1.07E-4 9.93E-4        3.61E-3 7.26E-4 1.50E-11 7.99E-2 1.34E-4 7.99E-2

Technetium-99           4.43E-6 8.10E-8 1.33E-5 3.03E-10 1.33E-5

Cesium-137 1.75E-4 6.89E-4 5.52E-14 6.96E-2      6.85E-2 5.38E-9 5.33E-2 2.15E-4 5.33E-2

Uranium-234             2.38E-8 9.73E-7 5.04E-5 2.32E-6 9.97E-8 4.44E-5 1.14E-6 4.44E-5

Uranium-235             8.41E-9 1.38E-5 2.28E-6 3.98E-7 3.00E-11 2.26E-6 5.29E-8 2.26E-6

Uranium-238             1.82E-8 5.95E-4 1.85E-4 1.57E-4 2.48E-5 2.50E-5 8.47E-8 1.03E-4 3.69E-6 1.03E-4

(a) BNL = Brookhaven National Laboratory ORR = Oak Ridge Reservation 
 GE Val = General Electric – Vallecitos PNTX = Pantex Facility 
 GJPO = Grand Junction Project Office RFETS = Rocky Flats Environmental Technology Site 
 INEEL = Idaho National Engineering and Environmental Laboratory SNL = Sandia National Laboratories 
 ITRI = Inhalation Toxicology Research Institute SPRU = Separations Process Research Unit 
 LLNL = Lawrence Livermore National Laboratory WV = West Valley Nuclear Services 

             

3 
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Table F.6.  Stream 4 – TRU-RH Waste in Trenches 1 
2  

Constituent Concentration Units 
Americium-241 6.35E+1 Ci/m3 

Plutonium-238 1.40E+1 Ci/m3 

Plutonium-239 5.51E+1 Ci/m3 

Plutonium-240 3.11E+1 Ci/m3 

Plutonium-241 1.20E+3 Ci/m3 

Beryllium 5.00E-1 kg/m3 

Sodium hydroxide 5.00E-1 kg/m3 

Xylene 4.80E+0 kg/m3 

3 
4 
5 

 
Table F.7.  Stream 4 – TRU-CH Waste in Trenches 

 
Constituent Concentration, Ci/m3 

Americium-241 2.63E-1 

Plutonium-238 1.01E+0 

Plutonium-239 5.67E-1 

Plutonium-240 2.17E+1 

6 
7 
8 

 
Table F.8.  Stream 5 – TRU-CH Waste in Caissons 

 
Constituent Concentration, Ci/m3 

Americium-241 5.55E+0 

Cesium-137 5.06E+1 

Cobalt-60 9.11E+0 

Plutonium-238 8.98E-1 

Plutonium-239 1.30E+1 

Plutonium-240 3.26E+0 

Plutonium-241 2.69E+1 

Plutonium-242 1.26E-3 

Strontium-90 4.67E+1 

Uranium-233 1.04E-2 

Uranium-234 1.30E-3 

Uranium-235 3.91E-5 

Uranium-238 9.57E-4 

9 
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Table F.9.  Stream 8 – TRU Waste Containing PCBs 1 
2  

Constituent Concentration Units 

Americium-241 3.17E+0 Ci/m3 

Plutonium-238 7.21E-1 Ci/m3 

Plutonium-239 2.74E+0 Ci/m3 

Plutonium-240 1.54E+0 Ci/m3 

Plutonium-241 5.77E+1 Ci/m3 

Beryllium 5.00E-1 kg/m3 

PCBs(a) 1.78E+0 kg/m3 

Sodium hydroxide 5.00E-1 kg/m3 

Xylene 4.80E+0 kg/m3 

(a)  PCBs = polychlorinated biphenyls 

3 
4 
5 

 
Table F.10.  Stream 9 – TRU-RH and CH Drums and SWBs and Stream 10 – TRU-CH Boxes 

 
Constituent Concentration Units 

Americium-241 3.17E+0 Ci/m3 

Plutonium-238 7.21E-1 Ci/m3 

Plutonium-239 2.74E+0 Ci/m3 

Plutonium-240 1.54E+0 Ci/m3 

Plutonium-241 5.77E+1 Ci/m3 

Acetone 7.72E-4 kg/m3 

Beryllium 5.00E-1 kg/m3 

Carbon tetrachloride 1.33E-1 kg/m3 

Dichloromethane 5.72E-3 kg/m3 

Hydraulic Fluid 2.31E-1 kg/m3 

Mercury 4.81E-3 kg/m3 

Sodium hydroxide 5.00E-1 kg/m3 

1,1,1-Trichloroethane 7.86E-4 kg/m3 

Xylene 4.05E-3 kg/m3 

 6 
7 
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Table F.11.  Stream 10 – RH-TRU Waste Boxes 1 
2  

Constituent Concentration Units 

Cesium-137 7.36E+0 Ci/m3 

Cobalt-60 3.13E-1 Ci/m3 

Iron-55 2.79E+0 Ci/m3 

Strontium-90 2.48E+0 Ci/m3 

Tritium 3.93E-3 Ci/m3 

Acetone 7.72E-4 kg/m3 

Beryllium 5.00E-1 kg/m3 

Carbon tetrachloride 1.33E-1 kg/m3 

Dichloromethane 5.72E-3 kg/m3 

Hydraulic fluid 2.31E-1 kg/m3 

Mercury 4.81E-3 kg/m3 

Sodium hydroxide 5.00E-1 kg/m3 

1,1,1-Trichloroethane 7.86E-4 kg/m3 

Xylene 4.05E-3 kg/m3 

3 
4 
5 

 
Table F.12.  Stream 11 – MLLW, Treated Ready for Disposal 

 
Constituent Concentration Units 

Americium-241 3.14E-5 Ci/m3 

Cesium-137 3.51E-3 Ci/m3 

Cobalt-60 6.33E-1 Ci/m3 

Curium-244 5.59E-4 Ci/m3 

Iron-55 1.14E-1 Ci/m3 

Neptunium-237 2.41E-6 Ci/m3 

Nickel-63 1.17E+0 Ci/m3 

Plutonium-238 2.91E-4 Ci/m3 

Plutonium-239 1.23E-4 Ci/m3 

Plutonium-240 2.14E-5 Ci/m3 

Plutonium-241 7.44E-4 Ci/m3 

Radium-224 1.68E-2 Ci/m3 

Strontium-90 1.05E-2 Ci/m3 

Tritium 3.93E-3 Ci/m3 
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Table F.12.  (contd) 
 

Constituent Concentration Units 

Thorium-228 4.84E-5 Ci/m3 

Thorium-232 1.45E-6 Ci/m3 

Thorium-234 2.45E-2 Ci/m3 

Uranium-234 2.88E-4 Ci/m3 

Uranium-235 4.58E-6 Ci/m3 

Uranium-236 5.38E-6 Ci/m3 

Uranium-238 7.15E-5 Ci/m3 

Acetone 2.05E-1 kg/m3 

Beryllium 5.30E+0 kg/m3 

Bromodichloromethane 1.15E-3 kg/m3 

Carbon tetrachloride 4.18E-1 kg/m3 

Hydraulic fluid 3.63E-1 kg/m3 

Toluene 3.45E-1 kg/m3 

Formic acid 9.42E-1 kg/m3 

Dichloromethane 2.07E-1 kg/m3 

Diesel fuel 1.59E-1 kg/m3 

Methyl ethyl ketone 1.60E-1 kg/m3 

Mercury 4.93E-2 kg/m3 

Nitric acid 6.70E+0 kg/m3 

PCBs(a) 5.75E-1 kg/m3 

p-Chloroaniline 5.55E-1 kg/m3 

Sodium hydroxide 9.60E+0 kg/m3 

1,1,1-Trichloroethane 7.41 E-1 kg/m3 

Xylene 6.21E-2 kg/m3 

(a)  PCBs = polychlorinated biphenyls 

 1 
2 
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Table F.13.  Stream 12 – MLLW, RH, and Large Boxes 1 
2  

Constituent Concentration Units 

Cesium-137 7.36E+0 Ci/m3 

Cobalt-60 3.13E-1 Ci/m3 

Iron-55 2.79E+0 Ci/m3 

Strontium-90 2.48E+0 Ci/m3 

Tritium 3.93E-3 Ci/m3 

Acetone 2.00E-1 kg/m3 

Beryllium 5.30E+0 kg/m3 

Nitric acid 6.70E+0 kg/m3 

Sodium hydroxide 9.60E+0 kg/m3 

Toluene 1.06E+1 kg/m3 

Xylene 1.00E+0 kg/m3 

3 
4 
5 

 
Table F.14.  Stream 13 – CH MLLW  

 
Constituent Concentration Units 

Americium-241 3.14E-5 Ci/m3 

Cesium-137 3.51E-3 Ci/m3 

Cobalt-60 6.33E-1 Ci/m3 

Curium-244 5.59E-4 Ci/m3 

Iron-55 1.14E-1 Ci/m3 

Nickel-63 1.17E+0 Ci/m3 

Neptunium-237 2.41E-6 Ci/m3 

Plutonium-238 2.91E-4 Ci/m3 

Plutonium-239 1.23E-4 Ci/m3 

Plutonium-240 2.14E-5 Ci/m3 

Plutonium-241 7.44E-4 Ci/m3 

Radium-224 1.68E-2 Ci/m3 

Strontium-90 1.05E-2 Ci/m3 

Thorium-228 4.84E-5 Ci/m3 

Thorium-232 1.45E-6 Ci/m3 

Thorium-234 2.45E-2 Ci/m3 

 6 
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Table F.14.  (contd) 
 

Constituent Concentration Units 

Tritium 3.93E-3 Ci/m3 

Uranium-234 2.88E-4 Ci/m3 

Uranium-235 4.58E-6 Ci/m3 

Uranium-236 5.38E-6 Ci/m3 

Uranium-238 7.15E-5 Ci/m3 

Acetone 2.05E-1 kg/m3 

Beryllium 5.30E+0 kg/m3 

Bromodichloromethane 1.15E-3 kg/m3 

Carbon tetrachloride 4.18E-1 kg/m3 

Dichloromethane 2.07E-1 kg/m3 

Diesel fuel 1.59E-1 kg/m3 

Formic acid 9.42E-1 kg/m3 

Hydraulic fluid 3.63E-1 kg/m3 

Methyl ethyl ketone 1.60E-1 kg/m3 

Mercury 4.93E-2 kg/m3 

Nitrate 2.31E-1 kg/m3 

Nitric acid 6.70E+0 kg/m3 

PCBs(a) 5.75E-1 kg/m3 

p-Chloroaniline 5.55E-1 kg/m3 

Sodium hydroxide 9.60E+0 kg/m3 

Toluene 3.45E-1 kg/m3 

1,1,1-Trichloroethane 7.41E-1 kg/m3 

Xylene 6.21E-2 kg/m3 

(a)  PCBs = polychlorinated biphenyls 

 1 
2 
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Table F.15.  Stream 14 – Elemental Lead 1 
2  

Constituent Concentration Units 

Americium-241 6.13E-5 Ci/m3 

Cerium-144 3.07E-3 Ci/m3 

Cesium-134 4.68E-5 Ci/m3 

Cesium-137 1.26E-2 Ci/m3 

Cobalt-60 1.24E-3 Ci/m3 

Neptunium-237 9.53E-7 Ci/m3 

Plutonium-238 9.30E-6 Ci/m3 

Plutonium-239 9.48E-5 Ci/m3 

Plutonium-240 4.06E-4 Ci/m3 

Plutonium-241 6.44E-4 Ci/m3 

Radium-224 4.17E-5 Ci/m3 

Radium-226 1.92E-4 Ci/m3 

Ruthenium-106 8.26E-4 Ci/m3 

Strontium-90 8.64E-3 Ci/m3 

Thorium-228 1.93E-3 Ci/m3 

Thorium-232 1.11E-6 Ci/m3 

Tritium 2.13E-5 Ci/m3 

Uranium-234 6.92E-6 Ci/m3 

Uranium-238 1.06E-5 Ci/m3 

Lead 9.80E+2 kg/m3 

 3 
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Table F.16.  Stream 15 – Elemental Mercury 1 
2  

Constituent Concentration Units 
Americium-241 5.31E-6 Ci/m3 
Cerium-144 4.62E-4 Ci/m3 
Cesium-134 3.69E-6 Ci/m3 
Cesium-137 8.48E-4 Ci/m3 
Cobalt-60 4.60E-5 Ci/m3 
Plutonium-238 5.60E-6 Ci/m3 
Plutonium-239 2.70E-3 Ci/m3 
Plutonium-240 1.06E-5 Ci/m3 
Plutonium-241 4.06E-4 Ci/m3 
Ruthenium-106 1.62E-4 Ci/m3 
Strontium-90 1.18E-4 Ci/m3 
Thorium-232 1.27E-5 Ci/m3 
Tritium 6.98E-7 Ci/m3 
Mercury 1.34E+2 kg/m3 

3 
4 
5 

 
Table F.17.  Stream 17 – K Basin Sludge 

 
Constituent Concentration Units 

Americium-241 1.56E+1 Ci/m3 
Cesium-134 2.08E-1 Ci/m3 
Cesium-137 2.72E+2 Ci/m3 
Cobalt-60 5.47E-1 Ci/m3 
Neptunium-237 1.63E-3 Ci/m3 
Plutonium –238 2.68E+0 Ci/m3 
Plutonium-239 9.09E+0 Ci/m3 
Plutonium-240 5.02E+0 Ci/m3 
Strontium-90 2.73E+2 Ci/m3 
Technetium-99 4.17E-1 Ci/m3 
Uranium-234 3.39E-2 Ci/m3 
Uranium-235 1.18E-3 Ci/m3 
Uranium-236 3.97E-3 Ci/m3 
Uranium-238 2.53E-2 Ci/m3 
PCBs(a) 1.63E-2 kg/m3 
(a)  PCBs = polychlorinated biphenyls 

 6 
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Table F.18.  Stream 18 – Leachate from MLLW Trenches 1 
2  

Constituent Concentration, Ci/m3 

Americium-241 1.44E-11 

Cesium-137 3.63E-11 

Cobalt-60 6.54E-9 

Curium-244 2.57E-10 

Iron-55 1.18E-9 

Neptunium-237 1.11E-12 

Nickel-63 1.21E-8 

Plutonium -238 1.34E-10 

Plutonium-239 5.66E-11 

Plutonium-240 9.84E-12 

Plutonium-241 3.42E-10 

Radium-224 7.73E-9 

Strontium-90 1.09E-10 

Thorium-228 2.06E-11 

Thorium-232 6.67E-13 

Thorium-234 1.13E-8 

Tritium 4.06E-11 

Uranium-234 1.32E-10 

Uranium-235 2.11E-12 

Uranium-236 2.47E-12 

Uranium-238 3.29E-11 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

 
F.1.1.1 Release Fractions for Waste Receiving and Processing Facility 

 
 Potential releases from WRAP have been characterized in the notice of construction (NOC) reports 
for hazardous chemicals (DOE-RL 1993a) and radionuclides (DOE-RL 1993b).  Release fractions for 
radionuclides are based on the 40 CFR 61, Appendix D.  Releases of particulate solids from the WRAP 
gloveboxes include a factor of 1E-3, with an additional 5E-7 reduction for double high-efficiency 
particulate air (HEPA) filtration efficiency.  The net release fraction is then 5E-10 for particulate material 
and 1.0 for volatile radionuclides (tritium and carbon-14). 
 
 Release fractions for nonradioactive volatile organic compounds (VOCs) were based on the vapor 
pressure and molecular weight of the chemical (DOE-RL 1993a, Appendix A).  The releases were 
postulated to occur when a container was opened (within a glovebox) and the volatile chemicals were 
emptied onto a holding pan with a diameter of 0.5 m (1.6 ft).  The theoretical vaporization rate from this 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

geometry was used to estimate the release rate over a 1-yr period.  If the theoretical release rate indicated 
a greater release than the total inventory processed in a year, the chemical was assumed to be totally 
released (release fraction is 1.0). 
 
 The analysis presented in the WRAP NOC included consideration of the total mass fraction of each 
chemical in the annual processing inventory.  A similar approach was used in the current analysis, except 
the mass fraction was set to 1.0, representing a case where the chemical is the only one in the container 
emptied onto the holding pan.  Also, the WRAP NOC analysis assumed the chemical would remain on 
the holding pan for the entire year.  In the current analysis, the time was set to 1 day and the theoretical 
release was divided by the amount of the chemical in one drum (average value).  This process is in 
contrast to the NOC analysis that compared the release over a year to the total amount processed in a year.  
The net difference in the two analyses is the current analysis is based on one drum, and the NOC analysis 
is based on a year of operation.  The current analysis was based on one drum because the processing rates 
may change for each alternative and the analysis could be performed in a more straightforward manner if 
the processing rate were not involved in the release fraction estimation.  A summary of the release 
fraction evaluation for WRAP is shown in Table F.19.  The release fraction for volatile chemicals 
indicates the dependence on physical properties.  Gases represent chemicals that have a vapor pressure 
above one atmosphere at ambient conditions. 
 

Table F.19.  Release Fraction Values for WRAP 
 

Operation Form Release Fraction 

Gases 1.0 Repackaging radioactivity 

Particulate 5E-10 

Gases 1.0 

VOC(a) 0.12 VM/drum amount(b) 

Repackaging chemicals 
VOC release fractions 

Inorganic Chemicals 5E-10 

(a) VOCs = volatile organic compounds  
(b) Average amount in one drum expressed in kg/drum, vapor pressure (V) in 

atmospheres, and molecular weight (M) in g.  The release fraction is limited to a 
maximum value of 1.0. 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

 
 Release fractions for specific VOCs are presented in Table F.20.  As previously discussed, the release 
fraction is dependent on the waste stream because the release is based on the total amount of a chemical 
in one drum.  The release fractions are based on total glovebox throughput of the waste type in WRAP.  
For example, if a waste stream of TRU waste is defined as going to the gloveboxes, the release fraction 
does not include the processing fraction (0.1) and the release fraction for most VOCs would be 1.0.  If the 
throughput is defined as the amount going to WRAP, the release fraction must include the processing 
fraction (0.1).  The processing fraction is multiplied by the listed release fraction of Table F.20 to find the 
correct release fraction for total throughput of WRAP. 
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Table F.20.  Release Fractions for Volatile Organic Compounds from WRAP 1 
2  

Waste Stream Description 

Chemical Name 
TRU Waste New 

and Stored MLLW 

1,1,1-Trichloroethane 1.0 1.0 

Acetone 1.0 1.0 

Bromodichloromethane 1.0 1.0 

Carbon tetrachloride 1.0 1.0 

p-chloroaniline 1.0 2.6E-3 

Dichloromethane -- 1.0 

Diesel fuel -- 3.4E-2 

Formic acid 1.0 1.0 

Hydraulic fluid 1.1E-4 7.5E-5 

Mercury 6.4E-2 6.3E-3 

Methyl ethyl ketone 1.0 1.0 

PCBs(a) 4.0E-5 3.0E-5 

Toluene 1.0 1.0 

Xylene 1.0 1.0 

(a)  PCBs = polychlorinated biphenyls 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

 
 The total estimated releases from WRAP for each alternative are given in Tables F.21 and F.22 for 
radionuclides and chemicals, respectively.   
 

F.1.1.2 Release Fractions for T Plant Complex 
 
 The release fractions are based on the value in 40 CFR 61, Appendix D, for particulate and solid 
contamination with HEPA filtration.  The 2706-T Facility has single HEPA filtration and 221-T has 
double HEPA filtration.  The HEPA filtration efficiency for the 2706-T single HEPA filter is set to 
99.95 percent.  The analyses for releases from T Plant Complex are based on all processing being done in 
the 2706-T Facility.  A summary of the release fractions for T Plant Complex is given in Table F.23.  The 
release fractions for specific VOCs are the same as for WRAP (see Table F.20). 
 
 The total estimated releases from the T Plant Complex for the alternatives are shown in Tables F.24 
and F.25 for radionuclides and chemicals, respectively.  The releases shown for Alternative 1 are for 
wastes processed in existing facilities and do not include releases in the modified portions of T Plant that 
provide the M-91 Capability.  The later releases are described in the next section. 
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Table F.21.  Airborne Radionuclide Releases from WRAP 1 
2  

Total Release, Ci 

Alternative 1 Alternative 2 

Radionuclide 
Lower 

Volumes 
Upper 

Volumes 
Lower 

Volumes 
Upper 

Volumes 
No Action 

Americium-241 2.2E-6 2.2E-6 2.2E-6 2.2E-6 2.2E-6 
Cesium-137 1.9E-8 1.3E-7 1.9E-8 2.2E-8 1.9E-8 
Cobalt-60 1.2E-8 9.3E-8 1.2E-8 9.3E-8 1.2E-8 
Curium-244 3.5E-11 2.0E-10 3.5E-11 2.0E-10 3.5E-11 
Iron-55 7.1E-10 4.4E-9 7.1E-10 4.4E-9 7.1E-10 
Manganese-54 1.3E-13 1.3E-13 1.3E-13 1.3E-13 1.3E-13 
Nickel-63 1.1E-7 6.3E-7 1.1E-7 6.3E-7 1.1E-7 
Neptunium-237 2.6E-13 1.4E-12 2.6E-13 1.4E-12 2.6E-13 
Plutonium-238 6.9E-7 6.9E-7 6.9E-7 6.9E-7 6.9E-7 
Plutonium-239 2.9E-6 2.9E-6 2.9E-6 2.9E-6 2.9E-6 
Plutonium-240 1.7E-6 1.7E-6 1.7E-6 1.7E-6 1.7E-6 
Plutonium-241 3.3E-5 3.3E-5 3.3E-5 3.3E-5 3.3E-5 
Radium-224 2.4E-13 1.2E-12 2.4E-13 1.2E-12 2.4E-13 
Strontium-90 2.4E-8 1.7E-7 2.4E-8 2.8E-8 2.4E-8 
Thorium-234 1.0E-10 6.2E-10 1.0E-10 1.4E-10 1.0E-10 
Tritium 1.4E+2 2.7E+2 1.4E+2 2.7E+2 1.4E+2 
Uranium-234 1.2E-10 5.5E-10 1.2E-10 2.5E-10 1.2E-10 
Uranium-235 2.2E-12 1.7E-11 2.2E-12 8.3E-12 2.2E-12 
Uranium-236 8.3E-12 4.9E-11 8.3E-12 1.1E-11 8.3E-12 
Uranium-238 1.0E-10 6.2E-10 1.0E-10 1.4E-10 1.0E-10 

3 
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Table F.22.  Total Chemical Atmospheric Releases from WRAP 1 
2  

Total Release, kg 
Alternative 1 Alternative 2 

Radionuclide 
Lower 

Volumes 
Upper 

Volumes 
Lower 

Volumes 
Upper 

Volumes 

No Action 

Acetone 4.5E+1 2.3E+2 4.5E+1 2.3E+2 4.5E+1 
Beryllium 7.7E-7 3.2E-6 7.7E-7 3.2E-6 7.7E-7 
Bromodichloromethane 2.5E-1 1.3E+0 2.5E-1 1.3E+0 2.5E-1 
Carbon tetrachloride 1.9E+2 5.7E+2 1.9E+2 5.7E+2 1.9E+2 
Dichloromethane 4.9E+1 2.4E+2 4.9E+1 2.4E+2 4.9E+1 
Diesel fuel 1.2E+0 6.1E+0 1.2E+0 6.1 E+0 1.2E+0 
Formic acid 2.0E+2 1.1E+3 2.0E+2 1.1E+3 2.0E+2 
Hydraulic fluid 2.6E-2 5.0E-2 2.6E-2 4.9E-2 2.6E-2 
Mercury (elemental) 3.1E-1 5.9E-1 3.1E-1 5.7E-1 3.1E-1 
Methyl ethyl ketone 3.4E+1 1.8E+2 3.4E+1 1.8E+2 3.4E+1 
Nitrate 2.3E-8 2.3E-8 2.3E-8 2.3E-8 2.3E-8 
Nitric acid 7.2E-7 3.8E-6 7.2E-7 3.8E-6 7.2E-7 
PCBs(a) 3.8E-3 1.9E-2 3.7E-3 1.9E-2 3.7E-3 
p-chloroaniline 3.1E-1 1.6E+0 3.1E-1 1.6E+0 3.1E-1 
Sodium hydroxide 1.2E-6 5.6E-6 1.2E-6 5.6E-6 1.2E-6 
Toluene 7.4E+1 3.9E+2 7.4E+1 3.9E+2 7.4E+1 
1,1,1-Trichloroethane 1.6E+2 8.3E+2 1.6E+2 8.3E+2 1.6E+2 
Xylene 1.6E+1 7.3E+1 1.6E+1 7.3E+1 1.6E+1 

(a)  PCBs = polychlorinated biphenyls 

3 
4 
5 

 
Table F.23.  Release Fraction Values for 2706-T Facility in T Plant Complex 

 

Operation Form 
Release 
Fraction Filter Factor 

Net Release 
Fraction 

Gases  1E+0 1E+0 1E+0 

Particulate 1E-3 5E-4 5E-7 

2706-T Facility 

Solids 1E-6 5E-4 5E-10 

6 
7 
8 
9 
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Table F.24.  Total Radionuclide Atmospheric Release from T Plant Complex 1 
2  

Total Release, Ci 
 Alternative 1 Alternative 2  

Radionuclide 
Lower 

Volumes 
Upper 

Volumes 
Lower 

Volumes 
Upper 

Volumes 
No Action 

Americium-241 8.8E-7 8.9E-7 8.8E-7 8.9E-7 8.8E-7 

Cesium-137 4.5E-4 4.6E-4 4.5E-4 4.6E-4 4.5E-4 

Cobalt-60 4.2E-6 5.4E-5 4.2E-6 5.4E-5 4.2E-6 

Curium-244 4.6E-8 1.0E-7 4.6E-8 1.0E-7 4.6E-8 

Iron-55 2.6E-7 1.5E-6 2.6E-7 1.5E-6 2.6E-7 

Manganese-54 4.1E-10 4.1E-10 4.1E-10 4.1E-10 4.1E-10 

Neptunium-237 8.7E-11 4.5E-10 8.7E-11 4.5E-10 8.7E-11 

Nickel-63 3.8E-5 2.7E-4 3.8E-5 2.7E-4 3.8E-5 

Plutonium-238 1.3E-7 1.7E-7 1.3E-7 1.7E-7 1.3E-7 

Plutonium-239 7.0E-7 7.2E-7 7.0E-7 7.2E-7 7.0E-7 

Plutonium-240 2.7E-7 2.8E-7 2.7E-7 2.8E-7 2.7E-7 

Plutonium-241 6.5E-6 6.6E-6 6.5E-6 6.6E-6 6.5E-6 

Strontium-90 5.7E-4 5.7E-4 5.7E-4 5.7E-4 5.7E-4 

Thorium-228 8.1E-11 4.1E-10 8.1E-11 4.1E-10 8.1E-11 

Thorium-232 5.2E-11 2.7E-10 5.2E-11 2.7E-10 5.2E-11 

Thorium-234 2.2E-6 2.2E-6 2.2E-6 2.2E-6 2.2E-6 

Tritium 6.4E+2 1.1E+3 6.4E+2 1.1E+3 6.4E+2 

Uranium-234 1.4E-6 1.4E-6 1.4E-6 1.4E-6 1.4E-6 

Uranium-235 4.0E-8 4.1E-8 4.0E-8 4.1E-8 4.0E-8 

Uranium-236 1.8E-7 1.8E-7 1.8E-7 1.8E-7 1.8E-7 

Uranium-238 2.2E-6 2.2E-6 2.2E-6 2.2E-6 2.2E-6 

 3 
4 
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Table F.25.  Total Chemical Atmospheric Releases from T Plant Complex 1 
2  

Alternative 1 

Radionuclide 
Upper Bound 

Volumes 
Lower Bound 

Volumes 
Upper Bound 

Volumes 
No Action 

Acetone 1.5E+1 

Total Release, kg 

Alternative 2 

Lower Bound 
Volumes 

7.7E+1 1.5E+1 7.6E+1 1.5E+1 

Beryllium 1.9E-4 9.9E-4 1.9E-4 9.8E-4 

Bromodichloromethane 4.3E-1 8.3E-2 8.3E-2 

3.0E+1 1.6E+2 1.6E+2 3.0E+1 

Dichloromethane 1.5E+1 1.5E+1 

1.3E-5 

8.3E-2 4.3E-1 

Carbon tetrachloride 3.0E+1 

7.8E+1 7.7E+1 1.5E+1 

Diesel fuel 7.2E-2 2.0E+0 3.9E-1 2.0E+0 3.9E-1 

Formic acid 6.8E+1 3.5E+2 6.8E+1 3.5E+2 6.8E+1 

Hydraulic fluid 2.0E-3 1.0E-2 2.0E-3 1.0E-2 2.0E-3 

Mercury (elemental) 2.2E-2 1.2E-1 2.2E-2 1.2E-1 2.2E-2 

Methyl ethyl ketone 1.2E+1 6.0E+1 1.2E+1 5.9E+1 1.2E+1 

Nitrate 7.8E-6 7.8E-6 7.8E-6 7.8E-6 7.8E-6 

Nitric acid 2.4E-4 1.3E-3 2.4E-4 1.2E-3 1.6E-5 

PCBs(a) 1.2E-3 6.5E-3 1.2E-3 6.4E-3 1.2E-3 

p-chloroaniline 1.0E-1 5.4E-1 1.0E-1 5.3E-1 1.0E-1 

Sodium hydroxide 3.5E-4 1.8E-3 3.5E-4 1.8E-3 2.3E-5 

Toluene 2.5E+1 1.3E+2 2.5E+1 1.3E+2 2.5E+1 

1,1,1-Trichloroethane 5.3E+1 2.8E+2 5.3E+1 2.7E+2 5.3E+1 

Xylene 4.5E+0 2.3E+1 4.5E+0 2.3E+1 4.5E+0 

(a)  PCBs = polychlorinated biphenyls 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

 
F.1.1.3 M-91 Facility and Modified T Plant Complex 

 
 The handling of wastes in the M-91 facility and the modified T Plant Complex would be conducted in 
a manner similar to that in WRAP except that some operations would be performed remotely.  Therefore, 
the release fractions applicable to WRAP were also used to estimate releases from waste processed in the 
M-91 facility and modified T Plant Complex.  Double HEPA filtration was assumed for these facilities.  
Because some mixed waste may be processed in these facilities, the release fractions for hazardous 
chemicals are also needed.  The release fractions are summarized in Table F.26.  The release fractions for 
specific VOCs are the same as those presented for WRAP (see Table F.20). 
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Table F.26.  Release Fraction Values for M-91 Facility and Modified T Plant Complex 1 
2  

Operation Form Release Fraction 

Gases 1E+0 Repackaging radionuclides 

Particulate 5E-10 

Gases 1E+0 

VOC (a) 0.12VM/drum amount(b) 

Repackaging chemicals 

Inorganic chemicals 5E-10 
(a) VOCs = volatile organic compounds  
(b) Average amount in one drum expressed in kg/drum, vapor pressure (V) is in atmospheres and 

molecular weight (M) is in g.  The release fraction is limited to a maximum value of 1.0. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

 
 The total estimated releases from the modified T Plant Complex for Alternative 1 are given in 
Tables F.27 and F.28 for radionuclides and chemicals, respectively.  Total releases of radionuclides for 
the M-91 facility for Alternative 2 are shown in Table F.29.  Chemical releases for the M-91 facility for 
Alternative 2 are shown in Table F.30.  Releases are estimated to be the same for the lower and upper 
bound waste volume estimates because waste streams processing in these facilities are the same for both 
options. 
 

Table F.27. Total Radionuclide Atmospheric Release from the 
Modified T Plant Complex for Alternative 1 (both Lower 
Bound and Upper Bound Waste Volumes) 

 
Radionuclide Total Release, Ci 

Americium-241 3.1E-4 
Cesium-134 4.2E-11 
Cesium-137 2.3E-5 
Cobalt-60 3.8E-8 
Iron-55 1.3E-8 
Plutonium-238 4.0E-5 
Plutonium-239 1.9E-4 
Plutonium-240 1.1E-4 
Plutonium-241 1.2E-3 
Strontium-90 1.6E-5 
Technicium-99 2.9E-8 
Tritium 4.4E+2 
Uranium-234 5.7E-9 
Uranium-235 8.3E-11 
Uranium-236 2.8E-10 
Uranium-238 1.8E-9 

 15 
16 
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Table F.28. Total Chemical Atmospheric Releases from the Modified 
T Plant Complex for Alternative 1 

1 
2 
3  

Chemical Name Total Release, kg 
Acetone 5.8E+2 
Beryllium 1.0E-5 
Carbon tetrachloride 4.3E+2 
Dichloromethane 1.9E+1 
Hydraulic fluid 8.3E-2 
Mercury (elemental) 1.0E+0 
Nitric acid 9.7E-6 
PCBs(a) 6.8E-3 
Sodium hydroxide 1.6E-5 
Toluene 3.1E+4 
1,1,1-Trichloroethane 2.6E+0 
Xylene 3.7E+4 
(a)  PCBs = polychlorinated biphenyls 

4 
5 
6 
7 

 
Table F.29. Atmospheric Radionuclide Release from the New  

M-91 Facility for Alternative 2 
 

Radionuclide Total Release, Ci 
Americium-241 2.3E-4 
Cerium-144 5.9E-15 
Cesium-134 7.9E-12 
Cesium-137 1.8E-5 
Cobalt-60 1.0E-6 
Curium-244 4.8E-9 
Iron-55 2.9E-8 
Neptunium-237 1.6E-10 
Plutonium-238 2.9E-5 
Plutonium-239 1.4E-4 
Plutonium-240 8.1E-5 
Plutonium-241 7.7E-4 
Strontium-90 1.4E-5 
Technicium-99 2.9E-8 
Thorium-234 3.1E-9 
Tritium 5.1E+1 
Uranium-234 1.0E-8 
Uranium-235 1.7E-10 
Uranium-236 3.7E-10 
Uranium-238 3.1E-9 
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Table F.30. Total Chemical Atmospheric Releases from the New  
M-91 Facility for Alternative 2 

1 
2 
3  

Chemical Name Total Release, kg 

Acetone 7.9E+3 

Beryllium 1.0E-4 

Bromodichloromethane 4.2E+1 

Carbon tetrachloride 4.3E+2 

Dichloromethane 7.5E+3 

Diesel Fuel 2.0E+2 

Formic Acid 3.4E+4 

Hydraulic fluid 1.0E+3 

Lead 4.8E-4 

Mercury (elemental) 4.2E+1 

Methyl ethyl ketone 5.8E+3 

Nitrate 4.2E-6 

Nitric acid 1.3E-4 

PCBs(a) 6.3E-1 

p-chloroaniline 5.2E+1 

Sodium hydroxide 1.8E-4 

Toluene 3.4E+4 

1,1,1-Trichloroethane 2.7E+4 

Xylene 4.6E+3 

(a)  PCBs = polychlorinated biphenyls 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

 
F.1.1.4 Pulse Drier Operation 

 
 The treatment of trench leachate would be performed in the Effluent Treatment Facility until that 
facility is decommissioned in 2025.  Starting in 2026, the plan is to treat leachate using pulse driers 
installed near the trenches.  Releases from drier operations are estimated using a release fraction of 0.001 
(40 CFR 61, Appendix D) and a HEPA filtration factor of 5E-4.  The net release fraction of 5E-7 is 
applied to radionuclides in the leachate from the trenches, except for tritium and carbon-14, which are 
assumed to be totally released.  The leachate is not expected to contain significant amounts of volatile 
hazardous chemicals.  The total annual release from leachate treatment using pulse driers is given in 
Table F.31 for the three alternatives. 
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Table F.31.  Atmospheric Radionuclide Release from Pulse Drier Leachate Treatment 1 
2  

Total Release, Ci 

Alternative 1 Alternative 2 No Action 
Radionuclide Lower Volumes Upper Volumes Lower Volumes Upper Volumes  

Americium-241 4.6E-13 8.6E-13 5.4E-13 6.3E-13 1.5E-13 

Cesium-137 3.0E-13 5.6E-13 3.5E-13 4.2E-13 1.2E-13 

Cobalt-60 9.8E-13 1.8E-12 1.2E-12 1.4E-12 5.8E-13 

Curium-244 1.2E-12 2.2E-12 1.4E-12 1.7E-12 4.9E-13 

Iron-55 2.5E-15 4.6E-15 3.1E-15 3.6E-15 1.8E-15 

Neptunium-237 2.2E-14 4.2E-14 2.6E-14 3.1E-14 7.6E-15 

Nickel-63 1.8E-10 3.4E-10 2.2E-10 2.5E-10 6.5E-11 

Plutonium -238 2.0E-12 3.7E-12 2.3E-12 2.7E-12 7.0E-13 

Plutonium-239 1.1E-12 2.1E-12 1.4E-12 1.6E-12 3.9E-13 

Plutonium-240 2.1E-13 3.9E-13 2.5E-13 2.9E-13 7.0E-14 

Plutonium-241 1.1E-12 2.0E-12 1.3E-12 1.5E-12 4.7E-13 

Strontium-90 8.6E-13 1.6E-12 1.0E-12 1.2E-12 3.3E-13 

Tritium 1.9E-7 3.5E-7 2.3E-7 2.7E-7 8.5E-8 

Uranium-234 2.7E-12 5.0E-12 3.1E-12 3.7E-12 9.0E-13 

Uranium-235 4.2E-14 8.0E-14 5.0E-14 5.9E-14 1.4E-14 

Uranium-236 5.0E-14 9.3E-14 5.9E-14 6.9E-14 1.7E-14 

Uranium-238 6.6E-13 1.2E-12 7.8E-13 9.2E-13 2.2E-13 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

 
F.1.2 Release Point Characteristics 
 
 The atmospheric transport analysis requires definition of release point characteristics for each facility 
having a release to air.  The characteristics are presented in Table F.32 for WRAP, 2706-T Facility, the 
modified T Plant Complex, and pulse driers.  Values for WRAP are taken from the NOC (DOE-RL 
2000a), for the 2706-T Facility from the interim safety analysis for T Plant (Meyer 1998), and for the 
modified T Plant Complex from the NOC (DOE-RL 2000b) and Rokkan et al. 2001.  Pulse drier 
characteristics are from the Hanford Site Solid Waste Management Environmental Impact Statement 
(FH 2002).  For all facilities, the temperature of outside air is set to the annual average value of 12°C. 
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Table F.32.  Release Point Characteristics 1 
2  

Parameter Units 
WRAP and New 

M-91 Facility 
2706-T 
Facility 

Modified T Plant 
Complex Pulse Driers 

Stack height m 14 8.5 61 5 

Exit area m2 0.5 0.39 1.8 0.20 

Exit velocity m/s 15.4 15(a) 8.3 1.5 

Exit air temperature °C 32.2 25.6 23.9 74 

Height of building m 7 7.62 25 4.3 

(a) The average exit velocity was set to one half the maximum value for 2706-T Facility. 

3 
4 
5 
6 
7 
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F.1.3 Atmospheric Transport 
 
 The transport and deposition of material released to the atmosphere was evaluated using the 
atmospheric transport component of MEPAS Version 4.0.  This component implements the models from 
earlier versions of MEPAS as described by Droppo and Buck (1996).  The models are similar to and 
consistent with the models recommended by EPA in the Industrial Source Complex dispersion model 
(EPA 1995).  Also, the atmospheric dispersion models in the MEPAS program provide nearly identical 
results to those generated using the EPA CAP88 program, as verified in a benchmarking study performed 
on the MEPAS, MMSOILS, and RESRAD computer programs (Mills et al. 1997).  The RESRAD 
program employed the CAP88 program for atmospheric transport calculations (Cheng et al. 1995). 
 
 The model uses a data set of the annual joint frequency of occurrence of wind speed, wind direction, 
and atmospheric stability from the 200 Area Hanford Meterology Station.  The data set used for the 
present analysis was the 14-yr average for the years 1983 through 1996 (Hoitink and Burk 1997) as 
presented in Table F.33.  This data set is used in the atmospheric transport and deposition model to 
evaluate the air concentration and deposition rate as a function of direction and downwind distance.  The 
pollutant concentrations in air and deposition rates are expressed as annual average values.  The annual 
joint frequency data set is based on a measurement height of 10 m (11 yd).  The MEPAS code adjusts the 
data to represent the actual release height defined in Table F.32. 
 
 The population dose values were estimated from the calculated individual doses by multiplying by a 
conversion factor relating the population weighted χ/Q value to the χ/Q value at the location of the offsite 
MEI (7E+4 person-s/m3).  This value was also used to estimate population health impacts from 
carcinogenic chemicals.  The population distribution (Beck et al. 1991) is given in Table F.34.   
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Table F.33.  Joint Frequency Distributions for the 200 Areas 10-m (33-ft) Towers, 1983-1996 Historical Data 
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Percentage of Time Wind Blows from the 200 Area Toward the Direction Indicated Average 

Wind 
Speed 
(m/s) 

Atmospheric 
Stability 

Class S              SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE
0.89                 A 0.28 0.31 0.34 0.25 0.23 0.22 0.18 0.13 0.11 0.1 0.08 0.07 0.1 0.1 0.16 0.21

 B                 0.14 0.15 0.16 0.11 0.11 0.09 0.08 0.05 0.05 0.04 0.04 0.04 0.05 0.07 0.09 0.12
C 0.15 0.15 0.14 0.1 0.09 0.09 0.09 0.06 0.04 0.04 0.05 0.05 0.06 0.07 0.1 0.13
D 0.87 0.76 0.72 0.55 0.6 0.65 0.64 0.42 0.36 0.31 0.35 0.38 0.49 0.59 0.77 0.83
E 0.4 0.29 0.27 0.26 0.3 0.35 0.46 0.41 0.36 0.35 0.44 0.49 0.55 0.66 0.65 0.57
F 0.25 0.16 0.15 0.15 0.15 0.2 0.25 0.24 0.26 0.29 0.35 0.36 0.43 0.45 0.42 0.33
G 0.1 0.09 0.1 0.07 0.08 0.08 0.1 0.1 0.1 0.1 0.14 0.11 0.14 0.15 0.17 0.15

2.65               A 0.64 0.45 0.35 0.32 0.35 0.37 0.34 0.23 0.17 0.2 0.27 0.2 0.17 0.26 0.6 0.7 
 B              0.26 0.17 0.11 0.1 0.1 0.12 0.1 0.07 0.06 0.06 0.09 0.07 0.07 0.14 0.29 0.31

C 0.22 0.13 0.1 0.08 0.08 0.09 0.1 0.05 0.05 0.05 0.06 0.06 0.06 0.1 0.25 0.28
D 0.64 0.46 0.3 0.27 0.31 0.36 0.43 0.29 0.23 0.24 0.3 0.39 0.55 1.05 1.72 1.12
E 0.29 0.16 0.11 0.1 0.21 0.28 0.35 0.41 0.31 0.29 0.53 0.98 1.68 2.09 1.71 0.77
F 0.15 0.07 0.05 0.06 0.09 0.11 0.3 0.33 0.31 0.37 0.65 1.23 1.74 1.89 1.57 0.59
G 0.04 0.03 0.02 0.02 0.04 0.04 0.13 0.18 0.19 0.2 0.32 0.65 0.68 0.78 0.69 0.19

4.7                 A 0.19 0.22 0.11 0.04 0.04 0.03 0.04 0.04 0.05 0.13 0.31 0.36 0.21 0.23 0.61 0.3 
 B                0.04 0.04 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.04 0.06 0.1 0.08 0.09 0.22 0.09

C 0.04 0.03 0.02 0.01 0 0 0.01 0.01 0.02 0.04 0.05 0.08 0.07 0.08 0.2 0.09
D 0.14 0.13 0.06 0.04 0.05 0.04 0.07 0.09 0.11 0.19 0.34 0.52 0.57 1.11 1.45 0.37
E 0.07 0.06 0.04 0.02 0.02 0.02 0.06 0.1 0.11 0.15 0.37 0.66 1.09 1.95 1.78 0.25
F 0.02 0.01 0.01 0.01 0.01 0.01 0.04 0.09 0.04 0.03 0.08 0.3 0.33 0.53 0.72 0.11
G 0 0 0 0 0 0 0.02 0.04 0.01 0.02 0.04 0.18 0.1 0.16 0.32 0.03

7.15                  A 0.03 0.06 0.04 0.01 0 0 0.01 0.01 0.02 0.06 0.23 0.33 0.15 0.17 0.44 0.11
 B              0.01 0.01 0.01 0 0 0 0 0 0.01 0.03 0.06 0.08 0.03 0.05 0.12 0.02

C 0.01 0.01 0.01 0 0 0 0 0 0.01 0.02 0.04 0.07 0.03 0.03 0.08 0.02
D 0.03 0.05 0.03 0.01 0 0 0.01 0.03 0.06 0.16 0.38 0.35 0.24 0.6 0.85 0.11
E 0.01 0.05 0.02 0 0 0 0 0.02 0.05 0.11 0.25 0.23 0.15 0.47 0.93 0.06
F 0 0 0 0 0 0 0 0.01 0 0 0.01 0.02 0.01 0.01 0.02 0 
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Percentage of Time Wind Blows from the 200 Area Toward the Direction Indicated Average 

Wind 
Speed 
(m/s) 

Atmospheric 
Stability 

Class S              SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE
9.8 A          0 0.01 0.01 0 0 0 0 0 0 0.02 0.08 0.11 0.04 0.02 0.15 0.02

B 0 0.01  0 0 0 0 0 0 0 0.01 0.03 0.03 0.01 0.01 0.04 0 
C 0 0 0 0 0 0 0 0 0 0.01 0.02 0.01 0.01 0.01 0.03 0
D 0.01 0.02 0 0.01 0 0 0 0 0.01 0.08 0.16 0.09 0.03 0.11 0.26 0.02
E 0 0.02 0.01 0 0 0 0 0 0.01 0.05 0.07 0.04 0.01 0.05 0.18 0.01
F 0 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12.7                  A 0 0 0 0 0 0 0 0 0 0 0.01 0.02 0 0 0.01 0
B 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0.03 0.04 0.02 0.01 0.01 0.01 0
E 0 0 0 0 0 0 0 0 0 0.02 0.01 0.01 0 0 0.01 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15.6                  A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19                  A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

               
                 
                  
                
         
                 

                
                  
                  
                
              
                  

                  
                  
                  
                  
                  
                  

                  
                  
                  
                  
                  
                  

 



 

Table F.34.  Population Within 80 km (50 mi) of the 200 Areas 1 
2  

Distance Interval, mi Downwind 
Sector 0-10 10-20 20-30 30-40 40-50 Total 

S 0 2842 1622 237 1144 5845 

SSW 0 713 11,983 503 738 13,937 

SW 0 1308 19,589 1132 637 22,666 

WSW 0 1956 5406 16,336 7525 31,223 

W 0 771 1295 6269 94,203 102,538 

WNW 0 641 1087 1189 2375 5292 

NW 0 548 738 784 809 2879 

NNW 0 544 909 876 4979 7308 

N 0 434 822 969 2418 4643 

NNE 0 268 1030 5220 17,567 24,085 

NE 0 393 6176 2658 1145 10,372 

ENE 0 423 1217 1652 664 3956 

E 0 452 1373 1416 751 3992 

ESE 0 289 1674 270 767 3000 

SE 0 1141 35,519 73,156 4918 114,734 

SSE 0 2796 8309 2394 5891 19390 

  Totals 0 15,519 98,749 115,061 146,531 375,860 

3 
4 
5 
6 
7 
8 
9 
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11 
12 
13 
14 
15 

 
F.1.4 Exposure Scenarios 
 
 Two exposure scenarios have been used to evaluate the potential impacts to humans from the waste 
remediation activities:  industrial and resident gardener (agricultural).  These scenarios were chosen to 
represent a range of habits and conditions for potential exposures.  The industrial and resident gardener 
scenarios are based on the recommendations presented in the Hanford Site Risk Assessment Methodology 
(HSRAM) (DOE-RL 1995).  These scenarios are based on the concept of reasonable maximum exposure 
as recommended by EPA (1989) and the Washington State Model Toxics Control Act Cleanup 
Regulations (WAC 173-340) for which the most conservative parameter is not always used.  The 
residential gardener scenario also includes exposure to waterborne contamination used in a sauna or sweat 
lodge (Harris and Harper 1997; DOE-RL 1998). 
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 The two exposure scenarios are used in the exposure assessment.  The present analysis has used the 
HSRAM scenarios and exposure parameter values as published.  These scenarios and parameters provide 
a conservative estimate of potential exposures of individuals living on or near the Hanford Site.  When the 
annual radiation dose is evaluated, the HSRAM scenarios are modified to reflect exposure for a 1-year 
period, instead of an extended exposure duration.   
 
 The exposure assessment uses the results from the atmospheric transport analysis as the starting point 
for evaluation of pollutant concentrations in exposure media (for example, air, soil, and foods).  The 
analysis begins with the first release from a facility and continues until the releases have stopped and the 
individuals have been exposed for the prescribed duration for the specific exposure scenario.  The 
operating period and waste-handling period for the facility being considered determine the release period.  
During the release period, the transported material may be deposited to soil resulting in a gradual increase 
over time in concentrations of pollutants in soil.  The accumulation in soil is evaluated explicitly by the 
MEPAS program and is used to determine the annual maximum radiation dose and the exposures for each 
of the exposure scenarios. 
 
 Two exposure scenarios are summarized in the following sections.  The scenarios are described for 
exposure pathways involving atmospheric releases, as well as releases resulting in groundwater 
contamination.  The atmospheric pathways are evaluated to estimate health impacts for releases to air 
from normal operations; waterborne pathways are evaluated to estimate health impacts from releases to 
soil and transport via groundwater to the environment.  A discussion of each exposure pathway follows 
the scenario descriptions. 
 

F.1.4.1 Industrial Scenario 
 
 The industrial scenario is intended to represent potential exposures to workers in a commercial or 
industrial setting.  The scenario primarily involves indoor activities, but outdoor activities (such as soil 
contact) are also included.  The workers are assumed to wear no protective clothing.  The scenario is not 
intended to represent exposure of remediation workers.  For atmospheric releases, the worker is assumed 
to be located 100 m (328 ft) east of the release point.  The specific exposure pathways included in the 
industrial scenario are listed in Table F.35 for radionuclides and chemicals, and for each transport 
medium.  Parameter values for the pathways are presented in Table F.36. 

F.1.4.2 Resident Gardener Scenario 
 
 The resident gardener scenario is intended to represent potential exposures to an individual living 
near the Hanford Site and raising food and animal products for home consumption.  This scenario is the 
same as the agricultural scenario described in DOE-RL (1995).  The exposures are assumed to be 
continuous throughout the year.  For atmospheric releases the exposure location is 20.6 km (12.8 mi) ESE 
of the release point, representing the point of maximum offsite air concentration for routine releases.  The 
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Table F.35.  Industrial Scenario Exposure Pathways 1 
2  

Transport Medium Exposure Pathway Chemical Radionuclide 

Ingestion Yes Yes 

External No Yes 

Dermal absorption Yes No 

Soil (air deposition) 

Suspension - inhalation Yes Yes 

Air Inhalation Yes Yes 

Ingestion Yes Yes 

VOC inhalation Yes Yes 

Groundwater 

Dermal absorption Yes No 

3 
4 
5 

 
Table F.36.  Industrial Scenario Parameter Values 

 

Exposure Parameters(a) 

Source 
Exposure 
Pathway Intake Rate 

Exposure 
Frequency, 

d/yr 
Conversion 

Factors Other Factors 

Ingestion 50 mg/d 146 1E-6 kg/mg -- 

External 8 hr/d 146 -- 0.8(b) 

Dermal 
Absorption 

0.2 mg/cm2/d 146 1E-6 kg/mg 5000 cm2(c) 

Soil  

Inhalation 20 m3/d 250 1E-9 kg/µg 50 µg/m3 (d) 

Air  Inhalation 20 m3/d 250 -- -- 

Ingestion 1 L/d 250 -- -- 

Inhalation 20 m3/d 250 -- 0.5 L/m3(e) chemicals 
0.1 L/m3(e) radon 

Groundwater 

Dermal 
Absorption 

0.17 hr/d 250 1E-3 L/cm3 20,000 cm2(f) 

(a) For all cases, the body weight is 70 kg (155 lb).  The exposure period is 1 year for annual dose estimates 
and 20 years for other analyses. 

(b) Average shielding factor for external exposure to contaminated soil. 
(c) Skin surface area contacted with soil by the worker. 
(d) Average particulate loading in air. 
(e)  Ratio of indoor air concentration to water concentration for volatilization from indoor water uses. 
(f)  Skin surface area contacted during bathing with domestic water. 
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specific exposure pathways for radionuclides and chemicals that are included in the resident gardener 
scenario are listed in Table F.37.  Parameter values for each exposure pathway are presented in 
Table F.38. 
 
 Several different exposure pathways are considered in the health impact analyses.  The pathways 
included in a specific analysis depend on the transport medium, scenario, and pollutant type (chemical or 
radionuclide), as indicated in the previous section.  Details of each exposure pathway are presented here, 
by transport medium.  In general, the parameter values for a pathway are taken from the HSRAM report 
(DOE-RL 1995) and from Harris and Harper (1997) and DOE-RL (1998) for the sauna or sweat lodge 
pathway. 

 
Table F.37.  Resident Gardener Scenario Exposure Pathways 

 
Transport Medium Exposure Pathway Chemical Radionuclide 

Soil (air deposition) Ingestion Yes Yes 
 External No Yes 
 Dermal Absorption Yes No 
 Biota – Dairy Yes Yes 
 Biota – Meat Yes Yes 
 Biota – Game (deer) Yes Yes 
 Biota – Fruit Yes Yes 
 Biota – Vegetables Yes Yes 
 Suspension – Inhalation Yes Yes 
Air Inhalation Yes Yes 
 Biota – Dairy Yes Yes 
 Biota – Meat Yes Yes 
 Biota – Game (deer) Yes Yes 
 Biota – Fruit Yes Yes 
 Biota – Vegetables Yes Yes 
Groundwater Ingestion Yes Yes 
 Dermal Absorption (bathing) Yes No 
 Biota – Dairy Yes Yes 
 Biota – Meat Yes Yes 
 Biota – Game (deer) Yes Yes 
 Biota – Fruit Yes Yes 
 Biota – Vegetables Yes Yes 
 Inhalation Indoor Yes Yes 

14 
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Table F.38.  Resident Gardener Scenario Exposure Factors 1 
2  

Exposure Parameters(a) 

Source 
Exposure 
Pathway Intake Rate 

Exposure 
Frequency, 

d/yr 
Conversion 

Factors Other Factors 

Ingestion 100 mg/d 365 1E-6 kg/mg -- 

External 24 hr/d 365 -- 0.8(b) 

Dermal 
Absorption 

0.2 mg/cm2/d 180 1E-6 kg/mg 5000 cm2(c) 

Soil  

Inhalation 20 m3/d 365 1E-9 kg/µg 50 µg/m3(d) 

Air Inhalation 20 m3/d 365 -- -- 

Ingestion 2 L/d 365 -- -- 

Inhalation 
(sauna or 
sweat lodge) 

20 m3/d 365 -- 1.9 L/m3(e) VOC 
0.3 L/m3(g) non-

volatile 
1 hr/d(f) 

4 L/d 

Groundwater 

Dermal 
Absorption 

0.17 hr/d 365 1E-3 L/cm3 20,000 cm2(g) 

Dairy 300 g/d 365 1E-3 kg/g -- 

Beef 75 g/d 365 1E-3 kg/g -- 

Game 15 g/d 365 1E-3 kg/g -- 

Fruit 42 g/d 365 1E-3 kg/g -- 

Biota 

Vegetable 80 g/d 365 1E-3 kg/g -- 

(a) For all cases the body weight is 70 kg (155 lb).  The exposure period is for 1-year annual dose 
estimates and 30 years for other analyses. 

(b) Average shielding factor for external exposure to contaminated soil. 
(c) Skin surface area contacted with soil by the worker. 
(d) Average particulate loading in air. 
(e) The sauna or sweat lodge transfer factor (1.9 L/m3) for VOCs assumes 4 L/d water use in a 

hemisphere of 2-m (6.6-ft) diameter with complete suspension of all contaminants. 
(f) Ratio of indoor air concentration to water concentration for volatilization from indoor water uses. 
(g) Skin surface area contacted during bathing with domestic water. 

 3 
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F.1.4.3 Soil (Air or Irrigation Water Deposition) Transport Medium 1 
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 Deposition of airborne activity on soil would result in exposure to individuals who come in contact 
with the soil, breathe resuspended particles from the soil, or eat foods grown in the soil.  The contamina-
tion deposited onto soil is modeled as a pollutant concentration per unit area of soil.  Some of the soil 
exposure pathways require concentration to be expressed in units of soil mass (mg/kg or pCi/kg dry soil).  
For these pathways, the conversion to soil mass is made using the conversion factor 60 kg/m2 that is 
based on uniform distribution of the contaminant in the top 4 cm (1.6 in) of soil having a density of 
1.5 g/cm3.  This thickness is representative of the distribution of contaminants in residential soil (such as 
lawns) for deposition occurring over extended periods (several years).  For agricultural pathways, the 
conversion is based on uniform distribution in 15 cm (6 in) of soil (plow layer) with a conversion factor 
of 225 kg/m2. 
 
 The parameter values for each exposure pathway related to soil as a medium have been presented in 
the preceding tables for the three exposure scenarios.  Notes on the exposure pathways follow. 
 
 Soil Ingestion.  The individual is assumed to inadvertently ingest contaminated soil as part of daily 
activities defined for the scenarios.  Residential gardener individuals ingest soil at 100 mg/d for the entire 
year, while the industrial worker ingests 50 mg/d while on the job for 146 days per year.  It is assumed the 
worker is exposed to soil for only 146 of the 250 workdays per year.   
 
 Soil External Exposure.  Radionuclides deposited onto soil may cause external radiation exposure to 
individuals near the contamination.  The industrial worker is assumed to be exposed 8 hours per day for 
146 days per year.  The residential gardener individuals are exposed 24 hours per day for 365 days per 
year. 
 
 Soil Dermal Contact.  The dermal contact pathway is evaluated only for chemicals (as recommended 
in DOE-RL 1995).  The individuals are assumed to have one contact event per day (a 12-hr period) with 
soil adhering to the skin at a surface density of 0.2 mg/cm2 of skin for the industrial and residential 
gardener scenarios.  The area of skin contacted is assumed to be 5000 cm2 for all scenarios.  The 
industrial worker is exposed 146 days per year, the residential gardener individual is exposed 180 days 
per year. 
 
 Soil Resuspension Inhalation.  Material deposited on the ground is assumed to be available for 
resuspension and inhalation by individuals in proximity to the contamination.  The industrial worker and 
resident gardener scenarios assume the individual inhales 20 m3 (26.2 yd3) of contaminated air per day.  
The airborne concentration of soil is evaluated using the mass loading factor approach with a particulate 
air concentration to 50 µg/m3 of soil in air. 
 
 Food Crops.  Food crops are evaluated as fruits and vegetables for the residential gardener scenario.  
The crops are contaminated when soil contamination (from airborne deposition or irrigation water 
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application) transfers to the edible parts of the plant by root uptake.  Food crops are assumed to be eaten 
by the residential gardener at a rate of 42 g/d of fruit and 80 g/d of vegetables throughout the year.  The 
soil concentration is based on a soil mixing depth of 15 cm (5.9 in) and a soil density of 1.5 g/cm
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3, which 
is equivalent to an areal soil density of 225 kg/m2. 
 
 Game (deer).  For the residential gardener scenario, the individual is assumed to hunt and kill one 
deer in the year.  The deer becomes contaminated when foraging on plants grown in contaminated soil.  
The HSRAM scenario applies a hunter success rate of 19 percent for a season.  This percentage is 
appropriate when the exposure duration is many years (30 years for HSRAM), but is not appropriate 
when a 1-year period is considered.  The annual dose analysis must assume the hunter is successful (a 
success rate equal to 100 percent for the year of exposure).  Also, the HSRAM intake rate for deer meat is 
based on the amount of animal fat in the consumed meat.  Although this assumption may be appropriate 
for organic chemical pollutants that are lipophilic, it is not generally appropriate for radionuclides.  Also, 
the exposure pathway models for radionuclides evaluate the activity in the edible meat, not fat.  The 
intake rate for deer meat therefore must be adjusted to represent the amount of meat ingested.  This value 
is 15 g/d (0.53 oz/d), as calculated and reported for the recreational scenario of the Columbia River 
Comprehensive Impact Assessment (CRCIA) project (DOE-RL1998).   
 
 Meat and Milk Ingestion.  Individuals in the residential gardener scenario are assumed to ingest 
75 g/d (2.65 oz/d) of meat (other than game), and 300 g/d (10.6 oz/d) of dairy products (represented as 
milk).  Eating feed crops that may be contaminated by root uptake from contaminated soil exposes the 
animals.   
 

F.1.4.4 Air Transport Medium 
 
 Airborne activity may result in inhalation exposure plus direct transfer to plant surfaces, resulting in 
intake of contaminated food crops and animal products (from animals that eat contaminated feed crops).  
The parameter values for each exposure pathway related to air as a medium have been presented in 
Tables F.36 and F.38 for the two exposure scenarios.  Notes on the exposure pathways follow. 
 
 Inhalation.  For the two HSRAM scenarios, the individual inhales 20 m3 (706 ft3) of air during the 
time the individual is present.  For the industrial worker, this volume of air is inhaled during an 8-hr 
period, during which the individuals are engaged in enhanced physical activity.  For the residential 
gardener, the air is inhaled during a 24-hr period at average daily inhalation rates.  The industrial worker 
is exposed 250 days per year, and the residential gardener is exposed 365 days per year.   
 
 Food Crops.  Food crops are evaluated as fruits and vegetables for the residential gardener scenario.  
The crops are contaminated when airborne contamination transfers directly to the plant surface and is 
incorporated into edible parts of the plant.  Parameters for this pathway are defined in Section F.1.4.3. 
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 Game (deer).  For the resident gardener scenario, the individual is assumed to hunt and kill one deer 
in the year.  The dose for this pathway is evaluated as described under “Soil (air deposition) Transport 
Medium.”  Deer are potentially contaminated for the air transport medium when they eat plants 
contaminated from direct air deposition onto plant surfaces. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

 
 Meat and Milk Ingestion.  The animals are exposed from eating feed crops that may be 
contaminated by direct air deposition.  Parameters for these pathways are defined in Section F.1.4.3. 
 

F.1.4.5 Waterborne Transport Medium 
 
 Waterborne activity may result in exposure from domestic water uses and irrigation water uses.  
Groundwater used to supply drinking water for workers or domestic water for residences can result in 
exposure via water ingestion, inhalation of volatile chemicals released during showering and washing, 
and dermal contact during bathing.  The parameter values for each exposure pathway related to 
groundwater as a medium have been presented in Tables F.36 and F.38 for the two exposure scenarios.  
Notes on the exposure pathways follow. 
 
 Ingestion of Drinking Water.  For the industrial scenarios, the individual ingests 1 L/d (0.264 gal/d) 
of water during each working day of the year (250 days/year).  The residential gardener consumes 2 L/d 
(0.53 gal/d) during each day of the year. 
 
 Indoor Air Inhalation.  Individuals may be exposed to contaminated indoor air from volatilization 
of chemicals from indoor uses of domestic water.  This exposure includes air inhalation while showering.  
It is assumed the industrial scenario individual is exposed with a breathing rate of 20 m3 (706.4 ft3) per 
workday (250 days per year).  The residential gardener is exposed daily with a breathing rate of 20 m3 
(706.4 ft3) per day.   
 
 Sauna or Sweat Lodge Air Inhalation.  Individuals who participate in sauna or sweat lodge activity 
may be exposed to contaminated air from the contaminants in water used to generate humidity.  The 
amount of a pollutant transferred to air from the water is dependent on the physical properties (volatility) 
of the pollutant and the amount of water used.  The typical use of water is 4 L (1.01 gal) over a 1-hr 
period.  Volatile chemicals could be totally transferred to the air.  Using a sauna or sweat lodge volume 
based on a 2-m (6.6-ft) diameter hemisphere (Harris and Harper 1997), the transfer factor is 1.9 L/m3 
(4 L [1.01 gal] water per volume of 2-m hemisphere).  This value relates the air concentration inside the 
sauna or sweat lodge to the water concentration used to generate the humidity. 
 
 The transfer of non-volatile compounds (and most radionuclides) is determined by the amount of 
water vapor that can be held in the air.  Excess water vapor (and associated non-volatile pollutants) would 
condense and be removed from the air.  For an air temperature of 82.2 °C (180 °F), the air will hold water 
vapor equivalent to a transfer factor of 0.3 L/m3. 
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 Water Dermal Contact.  Individuals may be exposed to contaminated water while bathing.  Dermal 
absorption of chemicals in shower water is evaluated using methods recommended by the EPA 
(EPA 1992).  Workers are assumed exposed each day of work and residents are exposed each day of the 
year. 
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 Food Crops, Game (deer), and Meat and Milk Ingestion.  Parameter values for these exposure 
pathways are as defined in Section F.1.4.3. 
 
F.1.5 Soil Accumulation Model 
 
 The accumulation of pollutants in soil is represented using a box model with loss rate constants to 
represent radioactive decay, leaching, and volatilization of volatile and semi-volatile compounds.  The 
leaching losses from the surface soil layer are evaluated from the adsorption coefficient (Kd) value as 
follows. 
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where λi = loss rate constant for pollutant i from surface soils (1/yr) 
 I = total infiltration rate (cm/yr) 
 h = thickness of the surface-soil layer (cm) 
 θ = moisture content of the surface-soil layer (fraction) 
 βd = bulk density of the surface-soil layer (g/cm3) 
 kdi = distribution coefficient for pollutant i (mL/g) 
 
 Evaluation of the leach rate constant requires an estimate of the Kd for each contaminant.  The 
following paragraphs describe the method used to evaluate the Kd values for radionuclides and chemicals.  
The estimated values represent a conservative value.  A high Kd value causes greater retention in soil and 
higher exposures for pathways resulting from soil contamination. 
 
 The general algorithm for estimation of Kd values is taken from Strenge and Peterson (1989) as 
follows: 
 
 docd SK00010K .=  (F.3) 33 
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where Kd = absorption coefficient (mL/g) 
 Koc = carbon matter water distribution coefficient (mL/g) 
 Sd = soil distribution coefficient (dimensionless) 
 0.0001 = empirical coefficient. 
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 The soil distribution coefficient is evaluated based on soil properties as follows: 
 
  (F.4) )(%005.0)(%4.0)(%0.2)(%735.57 sandsiltclaymatterorganicSd +++=
 
where the empirical coefficients have units of 1/%.  As this equation indicates, the soil composition is 
important to the evaluation of the Kd.  For the present analysis, the soil type is based on an agricultural 
soil composed of typical Hanford soil, with the carbon matter composition based on typical agricultural 
soils.  Surface soils of Hanford are dominated by Ruppert Sand, Ephrata Sandy Loam, and Burbank 
Loamy Sand (see Section 4.3.4).  The approximate composition of these soils is indicated in Table F.39. 
 

Table F.39.  Soil Classification Composition 
 

Soil Classification % Sand % Silt % Clay 

Sand 92 5 3 

Loamy Sand 83 11 6 

Sandy Loam 65 25 10 
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 The properties of sandy loam provide higher estimates of Kd than the other two soil types because 
clay results in a higher contribution to soil distribution coefficient than the other two components.  
Typical agricultural soils contain about 1.2 percent organic carbon (Connor and Shacklette 1975).  
Assuming the weight of organic carbon is about half of the weight of the organic matter, the total content 
of organic matter is about 2.4 percent. 
 
 The estimate of Sd and Kd is based on sandy loam with a carbon matter content of 2.4 percent, with 
the carbon matter percent value replacing sand.  The net composition is 62.6 percent sand, 25 percent silt, 
10 percent clay, 2.4 percent carbon matter.  This soil composition results in a value of 169 for Sd. 
 
 The Koc values are taken from the MEPAS chemical database.  Evaluation of Kd values is indicated in 
Table F.40 for the hazardous chemicals in the waste stream inventories. 
 
 The Kd value for sodium nitrate, sodium hydroxide, and nitric acid are based on the value used for 
potassium-40, and the value for mercury is the same as the value for lead.  The values are based primarily 
on chemical similarity and solubility.  The value for beryllium is a default value set to cause very little 
leaching (a conservative estimate for impacts). 
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Table F.40.  Soil-Related Properties of Hazardous Chemicals 1 
2  

Chemical Koc Kd 

Beryllium --(a) 1.0E+2 

Nitric acid -- 1.0E+1 

Sodium nitrate -- 1.0E+1 

Sodium hydroxide -- 1.0E+1 

1,1,1 trichloroethane 1.52E+2 2.57E+0 

PCBs(b) 6.10E+5 1.03E+4 

p-chloroaniline 4.17E+1 7.04E-1 

Carbon tetrachloride 5.02E+2 8.48E+0 

Hydraulic fluid 1.40E+4 2.36E+2 

Toluene 3.00E+2 5.07E+0 

Formic acid 1.8E-1 3.04E-3 

Dichloromethane 8.8E+0 1.49E-1 

Acetone 5.75E-1 9.7E-2 

Methyl ethyl ketone 4.5E+0 7.6E-2 

Diesel fuels 4.50E+3 7.6E+1 

Xylene 2.40E+2 4.05E+0 

Mercury -- 8.00E+4 

Bromodichloromethane 1.07E+2 1.81E+0 

(a) A Koc value is not needed for inorganic chemicals. 
(b) PCBs = polychlorinated biphenyls 

 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

 Values used for the distribution coefficient were selected to give low leach rate constants (high 
retention times).  This selection would result in a conservative (high) estimate of radiation dose for those 
exposure pathways that involve accumulation in soil.  The parameters for agricultural soil are used for all 
exposure pathways, as a simplification to the analysis and a further conservatism for the residential 
exposure pathways.  Residential soil would be expected to involve mixing in a smaller depth (represented 
in Equation F.2 by parameter h).  A smaller value for soil depth would result in a faster leach rate and 
lower equilibrium concentrations.  Residential and industrial soils are assumed subject to the same 
infiltration rate as agricultural lands because of lawn watering. 
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 The losses from volatilization are represented by a loss rate constant that was evaluated based on 
physical properties of the chemical.  The loss rate constants were evaluated using the volatilization model 
of Streile et al. (1996) with soil parameters defined for Hanford agricultural soil (Sandy Loam).  The 
evaluation was performed using the MEPAS 4.0 source term component under the FRAMES operating 
system (Whelan et al. 1997).  The estimated half times are presented in Table F.41. 
 

Table F.41.  Volatilization Half Times for Soil 
 

Chemical 

Soil Half Time 
Volatilization 

(Days) 

Acetone 4.00E+2 

Bromodichloromethane 3.80E+2 

Carbon tetrachloride 1.20E+2 

Dichloromethane 5.10E+1 

Diesel fuel 8.50E+3 

Hydraulic fluid 8.70E+3 

Methyl ethyl ketone 8.40E+2 
(a) 4.40E+4 

p-chloroaniline 1.40E+4 

2.70E+2 

1,1,1 Trichloroethane 2.30E+2 

Xylene 

(a)  PCBs = polychlorinated biphenyls 
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 The losses from radioactive decay (and progeny generation) are evaluated using the general decay 
algorithm of Strenge (1997). 
 

 
 The evaluation of annual radiation dose is based on radiation dose conversion factors as published in 
Federal Guidance Reports No. 11 and 12 (Eckerman et al. 1988; Eckerman and Ryman 1993).  These 
dose factors are based on recommendations of the International Commission on Radiological Protection 
(ICRP) as given in ICRP Publication 30 (ICRP 1979, 1980, 1981, 1988).  The resulting doses represent 
the effective dose equivalent received over a commitment period of 50 years following intake in the 
first year. 

PCBs  

Toluene 

2.20E+2 

F.1.6 Health Impacts 
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 For noncarcinogenic chemicals the health endpoint is the hazard quotient defined by EPA as the 
average daily intake of a chemical divided by the Reference Dose (RfD) for that chemical.  The hazard 
quotient is evaluated for both inhalation exposures and ingestion exposures with RfD determined for each 
route.  For carcinogenic chemicals, the health endpoint is the lifetime cancer incidence from the defined 
total intake. 
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F.1.7 Basis for Radiological Health Consequences 13 
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 The evaluation of radiation dose as the endpoint in the analysis is a deviation from the guidance in the 
HSRAM report.  The HSRAM report describes evaluation of the lifetime cancer incidence risk from 
radionuclides using slope factors.  The slope factors relate intake (pCi) to the lifetime cancer incidence 
risk.  However, the present analysis requires evaluation of annual radiation dose.  The use of slope factors 
has, therefore, been replaced in the present analysis with use of radiation dose conversion factors. 
 

 
 Estimates of consequences from radiological exposures to workers and the public are based on 
recommendations of the ICRP (1991).  The consequences in terms of latent cancer fatalities (LCFs) and 
total detrimental health effects are presented in Table F.42 for both adult workers and the general 
population.  The total incidence of detrimental health effects includes both fatal and nonfatal cancers and 
severe hereditary effects.  The higher rates for health effects in the general population account for the 
presence of more sensitive individuals, such as children, compared with the relatively homogeneous 
population of healthy adults in the work force.  These health effects coefficients are used to estimate the 
number of LCFs in populations, or the risk of an LCF to an individual, for the purposes of comparing the 
alternatives and activities discussed in this EIS.  The ICRP health effects coefficients have been adopted 
by the National Council on Radiation Protection and Measurements (NCRP 1993) and are similar to those 
 

Table F.42. Summary of Basis for Health Consequences from Radiological Exposures 
(from ICRP 1991) 

 

Type of Health Effect 
Effects per Unit 
Radiation Dose(a) 

Radiation Dose to 
Produce 1 Effect(a) 

Latent Cancer Fatality 
  Adult Workers 
  General Population 

 
4 x 10-4 /person-rem 
5 x 10-4 /person-rem 

 
2500 person-rem 
2000 person-rem 

Total Detriment(b) 
  Adult Workers 
  General Population 

 
5.6 x 10-4 /person-rem 
7.3 x 10-4 /person-rem 

 
1800 person-rem 
1400 person-rem 

(a) These estimates include a reduction factor of 2 to account for the lower risk of health 
effects for low dose, low dose rate exposures as discussed in ICRP (1991).  To convert 
person-rem to person-Sv, multiply by 0.01. 

(b) Total Detriment includes fatal and nonfatal cancers and severe hereditary effects. 
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developed by other organizations (for example, UNSCEAR 1988, Eckerman, et al. 1999).  Use of the 
health effects coefficients developed by these other organizations would result in conclusions regarding 
health effects similar to those presented in this EIS. 
 
 The ICRP health effects coefficients are based on radiation exposures to specific populations, and for 
different doses, dose rates, and pathways than those normally encountered in the environment.  As a 
result, the health effects coefficients in Table F.42 are subject to substantial uncertainty when applied to 
very low or very high doses, and when extrapolated to estimate health effects in populations different 
from those used to develop them.  The NCRP (1997) has estimated the range (90 percent confidence 
interval) of these health effects coefficients to be approximately a factor of two above and below the 
median values presented in Table F.42. 
 
 The estimation of health effects in a given population is determined by applying the health effects 
coefficients to the collective dose for that population.  Collective dose is defined as the sum of doses to all 
individuals in the population, who may exhibit a wide range of susceptibility to radiation-induced health 
effects.  The health effects coefficients are therefore associated with substantial uncertainty when applied 
to dose estimates for individuals, whose sensitivity may differ from the population average.  However, 
assumptions used to develop the health effects coefficients were intended to be sufficiently conservative 
that they would be “…unlikely to underestimate the risks” (ICRP 1991). 
 
 Although DOE (1993) guidelines for NEPA documents recommend presenting health effects in terms 
of potential radiation-induced cancer fatalities, recent investigations into the health effects of low-level 
radiation exposure have cast doubt on the utility of estimating radiation-induced health effects at very low 
environmental exposure levels encountered in routine operations such as those discussed in this EIS.  The 
Health Physics Society, an organization of over 6,800 radiation protection professionals, issued a position 
paper recommending that health effects not be estimated at individual doses less than 5 rem in a year, or 
less than 10 rem over a lifetime, in addition to background radiation (Mossman et al 1996).  For radiation 
doses below those levels, it should be recognized that no clear evidence of health effects has been 
observed in exposed populations, and the health effects presented in this EIS for doses below those levels 
represent an upper estimate for a range of risks that includes no risk. 
 
 Additionally, for radiological accidents discussed in this EIS, the doses estimated for some 
hypothetical events may be greater than the doses at which the ICRP health effects coefficients were 
intended to apply.  Depending on the radionuclides involved and the exposure pathways considered, the 
LCF risk may be up to twice that listed in Table F.42 for doses greater than 20 rem but less than a few 
hundred rem.  For doses greater than a few hundred rem, there is a potential for short-term health effects 
other than cancer and hereditary effects, again depending on the radionuclides and exposure pathways 
associated with a particular accident scenario.  Because of the uncertainties surrounding these dose and 
health effects estimates, the health effects presented in this document do not attempt to account for 
variations in risk due to dose level or dose rate. 
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 In the HSW EIS, estimates of accident consequences for Hanford waste management facilities and 
operations are based on analyses of postulated accident scenarios identified in existing Hanford nuclear 
facility safety analyses, including Bushore (2001); Tomaszewski (2001); Vail (2001a, 2001b, 2001c); and 
WHC (1991).  Details of the accident analyses are presented in these documents and are not repeated 
here. 
 
 The accident consequences presented in the HSW EIS differ from those in the Hanford safety 
documents because of differences and calculation adjustments that are described in following paragraphs.  
Adjustments were made to the analysis results to update calculations and to meet the needs of the 
environmental impact analysis rather than those of the safety analyses for which the analyses were 
originally prepared.  Except for those changes and adjustments specifically noted, all calculations and 
assumptions remain the same as for the original. 
 
 Changes and adjustments to safety document calculations include the following: 
 
  1. Updated Hanford meteorological data were used to estimate EIS atmospheric dispersion factors.  

Composite joint frequency data, including the years 1983 through 1996, were used for the HSW EIS 
analysis.  These data differ somewhat from those in the older safety analyses. 

 
  2. The environmental impact analysis used 95th percentile atmospheric dispersion factors, whereas 

safety analyses typically used 99.5 percentile atmospheric dispersion factors.  (Building wake and 
plume meander factors used in the safety analyses remain incorporated in the HSW EIS consequence 
estimates). 

 
  3. The locations of the maximally exposed individual member of the public (MEI) and the maximally 

exposed noninvolved worker were changed from those in the safety analyses.  For the HSW EIS 
analysis, the MEI was located at the nearest publicly accessible location on U.S. Highway 240 
(generally 3 to 5 km [1.9 to 3.1 mi] distant), and the maximally exposed noninvolved worker was 
located 100 m (109 yd) away.  For the safety analyses, the MEI was located at the Site boundary, 
typically 12 km (7.4 mi) distant, and the co-located worker was at the nearest facility, typically 800 m 
(872 yd) distant.  The difference in the locations of hypothetically exposed individuals is the most 
important reason for differences in the dose estimates between the HSW EIS and safety analyses. 

 
  4. Only the period of plume passage was considered for exposure pathways and doses in the HSW EIS 

analysis.  Thus, inhalation is the most important exposure pathway, particularly for transuranic 
radionuclides with much smaller contributions from immersion and ground deposition.  Some of the 
safety analysis estimates included doses from the ingestion pathway that were not included in the 
HSW EIS. 
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  5. Doses are presented only as total effective dose equivalent (TEDE) in the HSW EIS.  Most of the 
safety analyses also estimate and present the dose to the maximally exposed organ. 

 
  6. The HSW EIS presents estimates of dose and radiological impact (as the probability of latent cancer 

fatality) to exposed individuals, whereas the safety analyses present only estimates of dose. 
 
  7. The HSW EIS presents estimates of collective dose and radiological impact (as the postulated number 

of latent cancer fatalities) to the exposed population of the general public from a postulated accident 
scenario.  Safety analyses do not present this information. 

 
  8. The environmental impact analysis used an updated Temporary Emergency Exposure Limits (TEELs) 

list to evaluate potential impacts from exposure to nonradiological hazardous chemicals.  Additional 
information on TEELs is presented in Section F.2.3. 

 
  9. The HSW EIS presents estimated impacts from industrial and occupational accidents.  Safety 

analyses do not present this information.  Additional information is presented under Section 4.10, 
Occupational Safety, and in the Industrial Accidents sections of each alternative. 

 
F.2.1 Adjustment Method 
 
 The method for adjusting dose results presented in the safety analyses for the environmental impact 
analysis is shown in the following equations.  It is a simple ratio of acute release atmospheric dispersion 
factors (E/Q) and the calculated doses.  The E/Q is a measure of atmospheric dispersion for short-term 
(acute) atmospheric releases using gaussian dispersion plume modeling, with units of s/m3.  For a given 
point or location at some distance from the source, it represents the time-integrated air concentration 
(Ci·s/m3) divided by the total release from the source (Ci).  E/Qs are typically used for releases lasting no 
longer than 8 to 24 hours.  The effective dose equivalent (EDE) used in the safety analyses (SAs) is 
equivalent to the TEDE used in the environmental impact analysis. 
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 A similar method was used for estimating collective dose to the population within 80 km (50 mi), 
except that a population-weighted atmospheric dispersion factor was used instead of the single point 
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dispersion factor.  Collective dose estimates were based on the atmospheric dispersion and dose to the 
maximally exposed individual member of the public presented in the safety analyses: 
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 A similar method was used for adjusting air concentrations at the point of exposure of individuals to 
nonradiological hazardous chemicals.  These adjusted air concentrations were then compared to the 
revised TEELs list. 
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where C is the air concentration of a particular hazardous chemical at the point of exposure. 
 
 Table F.43 presents the atmospheric dispersion parameters used in the accident analysis for the onsite 
non-involved worker, and offsite locations of the exposed individuals and population. 
 

Table F.43.  Atmospheric Dispersion Parameters for the Accident Analysis 
 

Parameter Facility Value Units 

Onsite E/Q at 100 m All 7.8E-2 s/m3 

Offsite E/Q at Hwy 240 T Plant Complex 1.1E-4 s/m3 

Offsite E/Q at Hwy 240 LLBGs 1.5E-4 s/m3 

Offsite E/Q at Hwy 240 CWC 1.7E-4 s/m3 

Offsite E/Q at Hwy 240 WRAP 1.7E-4 s/m3 

Offsite E/Q at Hwy 240 M-91 Facility 1.7E-4 s/m3 

Offsite Population E/Q All 7.5E-1 person-s/m3 

(a)  LLBGs = Low Level Burial Grounds 
(b)  CWC = Central Waste Complex 
(c)  WRAP = Waste Receiving and Processing Facility 
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F.2.2 Accident Frequency 
 
 As part of the safety analysis process, a preliminary hazard analysis was performed to identify 
potential accident scenarios for each facility.  Accident scenarios in each of three frequency categories 

 F.45 Draft HSW EIS April 2002 



 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

were selected for further analysis.  The accidents selected for evaluation represent what were considered 
the bounding consequences for the frequency category, although other accidents in the frequency category 
may also have been analyzed to better represent the range of potential impacts.  It is important to note that 
in the HSW EIS accident consequences are presented without regard to frequency of occurrence, and that 
estimated frequencies of the accidents were not incorporated into the statement of risk. 
 
 Three accident frequency categories were considered.  The first category includes accidents consid-
ered likely, with an annual occurrence frequency 1 to 1E-2; that is, accidents in this category are 
estimated to occur every year to once every 100 years.  The second category is of unlikely accidents, with 
an annual occurrence frequency of 1E-2 to 1E-4, or estimated to occur from once every 100 years to once 
every 10,000 years.  The third category is of extremely unlikely accidents, with an annual occurrence 
frequency of 1E-4 to 1E-6, or estimated to occur from once every 10,000 years to once every 
1,000,000 years.  Accidents estimated to occur less than once every 1,000,000 years are considered 
incredible and are not reflected in the safety analyses.   
 
F.2.3 Non-Radiological Impact Endpoints 
 
 Estimates of consequences of exposure to potentially hazardous chemicals were based on 1-hr 
exposures, consistent with the assumptions of the Emergency Response Planning Guidelines (ERPGs).  
Also used were TEELs that are interim, temporary, or equivalent exposure limits for chemicals for which 
official ERPGs have not yet been developed.  At its April 1996 meeting in Knoxville, Tennessee, the 
DOE Subcommittee on Consequence Assessment and Protective Actions (SCAPA) adopted the term 
TEEL.  These temporary emergency exposure limits must be regarded as dynamic; if new concentration 
limits are issued (for example, ERPG, permissible exposure level [PEL], or threshold limit value [TLV]) 
or if new or additional toxicity data are found, the TEEL would be revised.  At the time of this analysis, 
TEEL values were provided for over 1,340 additional chemicals.  ERPGs adopted through January 1, 
2000 are located on the SCAPA Internet home page DOE (2002).  The most recent TEELs list revision is 
“ERPGs and TEELs for Chemicals of Concern:  Rev 17m” (January 10, 2001).  It is available on the 
DOE EH Chemical Safety Program Internet home page (DOE 2001). 
 
 Potential consequences of exposure to hazardous materials are evaluated by comparing them to the air 
concentrations of the applicable ERPG or TEEL.  Definitions for the different TEEL levels are based on 
those for ERPGs that follow: 
 

• ERPG-1 The maximum concentration in air below which it is believed nearly all individuals could be 
exposed for up to one hour without experiencing other than mild transient adverse health effects or 
perceiving a clearly defined objectionable odor; 

 
• ERPG-2 The maximum concentration in air below which it is believed nearly all individuals could be 

exposed for up to one hour without experiencing or developing irreversible or other serious health 
effects or symptoms that could impair their abilities to take protective action; 
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• ERPG-3 The maximum concentration in air below which it is believed nearly all individuals could be 
exposed for up to one hour without experiencing or developing life-threatening health effects. 

 
 Temporary Emergency Exposure Limits: 
 

• TEEL-0 The threshold concentration below which most people would experience no appreciable risk 
of health effects; 

 
• TEEL-1 The maximum concentration in air below which it is believed nearly all individuals could be 

exposed without experiencing other than mild transient adverse health effects or perceiving a clearly 
defined objectionable odor; 

 
• TEEL-2 The maximum concentration in air below which it is believed nearly all individuals could be 

exposed without experiencing or developing irreversible or other serious health effects or symptoms 
that could impair their abilities to take protective action; 

 
• TEEL-3 The maximum concentration in air below which it is believed nearly all individuals could be 

exposed without experiencing or developing life-threatening health effects. 
 
 It is recommended that, for application of TEELs, the concentration at the receptor point of interest be 
calculated as the peak 15-minute time-weighted average concentration.  It should be emphasized that 
TEELs are default values, following the published methodology (on the SCAPA web page) explicitly. 
 

F.2.3.1 Impacts from Industrial Accidents 
 
 Impacts of potential industrial and occupational accidents were predicted using 5-year average 
statistics for the U.S. Department of Energy Richland Operations Office, reported in Computerized 
Accident/Incident Reporting System (CAIRS) for five years from 1996 through 2000.  The baseline 
statistics, applied separately for construction and operations activities, are presented in Section 4.10.  
Impacts are presented as the predicted number of total recordable cases (TRC), lost workday cases 
(LWCs), lost workdays (LWDs), and fatalities for construction and operation activities, based on the 
number of worker-years for that activity.  A full-time worker is assumed to work 2,000 hours per year. 
 
F.3 Intruder Impact Assessment Methods 
 
 In the assessment of intruder impacts, inadvertent intrusion is defined as an inadvertent activity that 
results in direct contact with the waste from a LLW disposal site.  Two types of inadvertent intrusion are 
considered:  1) excavation of a basement for construction of a dwelling and 2) drilling a well.  In each 
case the waste would be extracted from the disposal site and the extracted waste, with the exception of 
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activated metal and concrete (or grout), is assumed indistinguishable from soil.  Pathways by which an 
intruder might be exposed to radiation from the exhumed waste are: 
 

• Ingestion of vegetables grown in the contaminated soil 
 

• Ingestion of soil 
 

• Inhalation of radionuclides on dust suspended in the air by gardening activities or wind 
 

• External exposure to direct radiation from contaminated soil while working in the garden or residing 
in the house built on top of the waste site. 

 
 Calculations were performed via a spreadsheet using dose rate per unit concentration conversion 
factors contained in performance assessments for the disposal of LLW in the LLBGs and peak 
radionuclide concentrations (WHC 1995, 1998).  Peak radionuclide concentrations are shown in 
Table F.44, along with a short description of the waste origin.  The peak concentration values are based 
on information extracted from the Solid Waste Information Tracking System (SWITS) database  
 

Table F.44.  Peak Radionuclide Concentrations in LLBGs 
 

Radionuclide 

Peak Waste 
Concentration, 

Ci/m3 Probable Waste Description 
Tritium 4.4E+4 Failed tritium targets 
Carbon-14(a) 4.2E+0 Naval core basket 
Cobalt-60(a) 6.82E+2 Naval core basket 
Nickel-59(a) 6.0E+0 Naval core basket 
Nickel-63(a) 7.12E+2 Naval core basket 
Strontium-90 5.2E+3 B Plant Filters during encapsulation of strontium fluoride 
Technicium-99 8.0E-2 Discarded uranium oxide 
Iodine-129 5.2E-3 PUREX debris 
Cesium-137 2.04E+3 B Plant Filters during encapsulation of cesium chloride 
Uranium-234 2.4E-1 Discarded uranium oxide 
Uranium-235 6.0E-2 Discarded uranium oxide 
Uranium-236 2.5E-1 Discarded uranium oxide 
Uranium-238 1.5E-1 Discarded uranium oxide 
(a)  The activity is in activated metal. 
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(Anderson and Hagel 1996, 1999; FH 2002).  These radionuclides would not all occur within the same 
waste container, or even within the same LLBG.  Therefore the peak values represent a hypothetical 
maximum waste package. 
 
F.3.1 Human Intrusion Exposure Scenarios 
 
 Estimation of impacts from inadvertent human intrusion that were considered in this analysis included 
the following hypothetical scenarios:  well drilling, post-well-drilling gardening, excavation, post-
excavation gardening, and the deep root garden.  The parameters and values employed for radiation dose 
and associated impacts are presented as follows. 
 
  1. Well Drilling.  A 30-cm (12-in) diameter well is driven through the waste. 
 
  2. Post-Well-Drilling Gardening.  Waste from the well hole is mixed with topsoil in which vegetables 

are grown.  The vegetables are consumed and soil is also consumed. 
 
  3. Excavation.  300 m3 (11,000 ft3) of waste is exhumed during construction of a nominal 139.4 m2 

(1500-ft2) house with a basement. 
 
  4. Post-Excavation Gardening.  Waste from the basement excavation is mixed with soil in which 

vegetables are grown.  The vegetables are consumed and soil is also consumed. 
 
  5. Deep Root Garden.  Crop roots, including fruit and nut trees or other plant roots (such as alfalfa) 

penetrate the waste zone, thereby contaminating crops or fodder that are consumed in the human food 
chain. 

 
 For Cat 1 LLW, waste is buried at a depth of about 3 m (10 ft) and would be accessible by 
excavation, drilling, or root penetration of fruit and nut trees and alfalfa.  Thus, all five scenarios apply. 
 
 For Cat 3 LLW, waste is buried at sufficient depth 5 m (16 ft) or more to eliminate excavation for a 
dwelling house.  However, root penetration by fruit and nut trees would still be possible as a feasible, but 
minor, means of interacting with the waste.  (WAC 173-340-740 states, for soil cleanup levels based on 
human exposure via direct contact, the point of compliance is established in the soils throughout the site 
from the ground surface to 3.8 m (15 ft) below the ground surface.  This estimate represents a reasonable 
depth of soil that could be excavated and distributed at the soil surface as a result of site development 
activities.)  Thus, only the drilling and post-drilling are applicable scenarios, based on depth of the waste.  
However, Cat 3 LLW is contained within concrete high-integrity containers (HICs) and, while not 
impossible, it is considered highly improbable that drilling through HIC would occur.  Regardless, this 
scenario was selected to reasonably bound consequences of intrusion impacts from wastes under 
consideration in the HSW EIS. 
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 Evaluation of this intrusion scenario was performed for 100, 300, and 500 years after the year 2046.  
No allowance was given for the Resource Conservation and Recovery Act (RCRA) Subtitle C type barrier 
to be used in capping burial sites in Alternatives 1 and 2.  Thus, the drilling scenario, as evaluated, applies 
to all alternatives under consideration. 
 
 In the well drilling operation, 0.35 m3 (12 ft3 ) waste [from a 0.3-m (12-in) diameter well assumed to 
be drilled through 5 m (16 ft) of waste] is brought to the surface and spread over a 2500 m2 (0.6 ac) 
garden.  The resulting redistribution factor results in a value of 0.00014 m3 of waste per m2 (0.00046 ft3 of 
waste per ft2).  It is assumed the exhumed soil is thoroughly mixed to a depth of 15 cm (6 in). 
 
 The area of the garden is a size that would reasonably supply the resident’s vegetable diet (Napier 
et al. 1984) and has been used in other assessments (Kincaid et al. 1995; Kennedy and Strenge 1992).  
The mixing depth of 15 cm (6 in) is considered a typical plowing depth for most farming practices.  An 
attempt was made to be reasonably conservative in the selection of values, so those dose estimates would 
be bounding. 
 
 Inhalation and external exposures are based on the following exposure times: the gardener is assumed 
to spend 1800 hr/yr outside in the garden and 4380 hr/yr inside.  The remaining 2580 hr/yr are spent 
elsewhere on the property. 
 
F.3.2 Radiological Analysis 
 
 The dose-rate per unit waste concentration factors (mrem/yr per Ci/m3) for 13 radionuclides are given 
in Table F.45 for the post-well-drilling scenario and in Table F.46 for the excavation scenario.  The 
analysis used Kennedy and Strenge (1992) concentration ratios and assumed the intrusion to begin at 100, 
300, and 500 years after the year 2046.  The dose-rate per unit waste concentration factors were evaluated 
by setting the initial concentration (that is, at year 2046) of a radionuclide in the waste to 1 Ci/m3 and then 
evaluating the intruder scenario at the specified time.  The evaluation was based on the amount of the 
radionuclide present at the specified time (and any progeny radionuclides that may have grown in from 
the parent radionuclide).  The dose-rate per unit waste concentration factors were evaluated for all 
radionuclides assumed to be present in the waste streams contributing to burial ground activity.  The 
dose-rate per unit waste concentration factors were then multiplied by the given initial concentration of 
radionuclides of interest to estimate the final dose results.  For given radionuclides, doses were calculated 
as a function of time, using the assumption of leaching or not leaching of radionuclides from the soil 
during crop growth.  For each radionuclide, the exposure pathway providing the largest dose is also 
shown in the tables.   
 
 The dose-rate per unit waste concentration factors change with time because of decay of the parent 
radionuclide and leaching of radionuclides from the surface soil.  The unit dose factors given in 
Tables F.45 and F.46 for without soil leaching are impacted only by radioactive decay and progeny 
ingrowth.  These dose factors generally decrease with time as the parent decays, although progeny 
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Table F.45.  Dose-Rate per Unit Waste Concentration Factors for the Well Drilling Scenario 1 
2  

With Soil Leaching Without Soil Leaching 
Time Since Year 2046 

100 yr 300 yr 500 yr 100 yr 300 yr 500 yr 
Nuclide Unit Dose Factors mrem/yr per Initial Ci/m3 in Waste 

Dominant 
Exposure 
Pathway 

Tritium 1.91E-6 2.38E-11 2.98E-16 5.11E-6 6.39E-11 7.99E-16 Soil Ing. 
Carbon-14 5.00E+0 4.88E+0 4.76E+0 5.13E+0 5.01E+0 4.89E+0 Vegetable 
Cobalt-60 6.22E-3 2.35E-14 8.91E-26 6.26E-3 2.37E-14 8.96E-26 External 
Nickel-59 1.18E-1 1.18E-1 1.18E-1 1.19E-1 1.18E-1 1.18E-1 External 
Nickel-63 7.85E-2 1.97E-2 4.92E-3 7.85E-2 1.97E-2 4.92E-3 Vegetable 
Strontium-90 2.96E+1 2.33E-1 1.83E-3 3.00E+1 2.36E-1 1.85E-3 Vegetable 
Technetium-99 1.21E+1 1.21E+1 1.21E+1 2.00E+1 1.99E+1 1.99E+1 Vegetable 
Iodine-129 4.66E+1 4.66E+1 4.66E+1 5.47E+1 5.47E+1 5.47E+1 Vegetable 
Cesium-137 8.44E+1 8.53E-1 8.62E-3 8.45E+1 8.54E-1 8.63E-3 External 
Uranium-234 5.15E+1 5.15E+1 5.14E+1 5.25E+1 5.25E+1 5.25E+1 Inhalation 
Uranium-235 1.66E+2 1.80E+2 1.95E+2 1.70E+2 1.84E+2 1.98E+2 External 
Uranium-236 4.81E+1 4.81E+1 4.81E+1 4.91E+1 4.90E+1 4.91E+1 Inhalation 
Uranium-238 8.01E+1 8.01E+1 8.01E+1 8.18E+1 8.18E+1 8.18E+1 Inhalation 

3 
4 
5 

 
Table F.46.  Dose-Rate per Unit Waste Concentration Factors for the Excavation Scenario 

 
With Soil Leaching Without Soil Leaching 

Time Since Year 2046 

100 yr 300 yr 500 yr 100 yr 300 yr 500 yr 
Nuclide Unit Dose Factors mrem/yr per Initial Ci/m3 in Waste 

Dominant 
Exposure 
Pathway 

Tritium 4.09E-4 5.11E-9 6.39E-14 1.09E-3 1.37E-8 1.71E-13 Soil Ing. 
Carbon-14 1.07E+3 1.05E+3 1.02E+3 1.10E+3 1.07E+3 1.05E+3 Vegetable 
Cobalt-60 1.33E+0 5.05E-12 1.91E-23 1.34E+0 5.07E-12 1.92E-23 External 
Nickel-59 2.54E+1 2.53E+1 2.53E+1 2.53E+3 2.53E+1 2.53E+1 External 
Nickel-63 1.68E+1 4.21E+0 1.05E+0 1.68E+1 4.21E+0 1.05E+0 Vegetable 
Strontium-90 6.35E+3 4.99E+1 3.91E-1 6.43E+3 5.05E+1 3.96E-1 Vegetable 
Technetium-99 2.60E+3 2.60E+3 2.59E+3 4.28E+3 4.27E+3 4.27E+3 Vegetable 
Iodine-129 9.98E+3 9.98E+3 9.98E+3 1.17E+4 1.17E+4 1.17E+4 Vegetable 
Cesium-137 1.81E+4 1.83E+2 1.85E+0 1.81E+4 1.83E+2 1.85E+0 External 
Uranium-234 1.10E+4 1.10E+4 1.10E+4 1.13E+4 1.12E+4 1.12E+4 Inhalation 
Uranium-235 3.56E+4 3.87E+4 4.17E+4 3.63E+4 3.94E+4 4.25E+4 External 
Uranium-236 1.03E+4 1.03E+4 1.03E+4 1.05E+4 1.05E+4 1.05E+4 Inhalation 
Uranium-238 1.72E+4 1.72E+4 1.72E+4 1.75E+4 1.75E+4 1.75E+4 Inhalation 
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ingrowth may cause an increase with time.  For example, the uranium-235 dose-rate per unit waste 
concentration factors increase with time because of the ingrowth of protactium-231.  The dose-rate per 
unit waste concentration factors for with soil leaching are impacted by decay and leaching, and are less 
than or equal to the corresponding value for no leaching. 
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Groundwater Quality Impacts 
 
 
 The purpose of this appendix is to describe the analysis used to calculate concentrations of key 
contaminants that could potentially reach groundwater from the Low Level Burial Grounds (LLBGs) 
areas defined in each of the Hanford Site Solid (Radioactive and Hazardous) Waste Program 
Environmental Impact Statement (HSW EIS) alternatives.  The analysis also assesses the impacts to 
accessible surface water resources from contaminated groundwater.  Calculated concentrations of key 
contaminants are compared with drinking water standards.  These calculations also provide the basis for 
estimates of potential human health risk and ecological risk for comparison among the alternatives.  
Human health and risk consequences are discussed in Section 5.11. 
 
 Wastes considered in this assessment include the following:  
 

• Low-level waste (LLW) disposed of between 1962 and 1970 (referred to as Pre-1970 LLW in this 
section) 

 
• LLW buried after 1970 but before 1988 (referred to as 1970-1988 LLW in this section) 
 
• Category 1 (Cat 1) LLW disposed after 1988 including LLW forecasted to be disposed through 2046 

(referred to as Cat 1 LLW in this section) 
 

• Category 3 (Cat 3) LLW and greater than Cat 3 (GTC3) LLW disposed after 1988 including LLW 
forecasted to be disposed through 2046 (referred to collectively as Cat 3 LLW in this section) 

 
• Mixed low-level waste (MLLW) disposed of after 1988 including waste forecasted to be disposed 

through 2046 (referred to as MLLW in this section)  
 
 These waste types, which are described somewhat differently than in Section 3.0 were categorized in 
this fashion so that wastes with similar or related waste-disposal configurations and waste characteristics 
could be grouped together and the total number of calculations used in the assessment could be reduced. 
 
 Inventories of retrievably stored transuranic (TRU) waste in trenches and caissons located in the 
LLBGs were not considered because they will eventually be retrieved and sent to the Waste Isolation 
Pilot Plant (WIPP) for disposal (DOE 1997).   
 
 The groundwater exposure pathway analyzed considers the long-term release of contaminants from 
the variety of LLW and MLLW, downward transport through the vadose zone underlying the potential 
sources, and lateral transport through the unconfined aquifer immediately underlying the vadose zone to 
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the Columbia River.  The LLBGs are all located in the 200 East and West Areas (see Figure 4.16).  The 
physical area of potential groundwater impacts is the unconfined aquifer bounded laterally by the 
Rattlesnake Hills in the west and southwest, by the Columbia River in the north and east, and by the 
Yakima River to the south (see Figure 4.16). 
 
 The groundwater assessment has been performed using a combination of screening techniques and 
numerical modeling.  The groundwater modeling results predict contaminant concentrations in the 
groundwater associated with selected alternatives from assumed site closure at 2046 up to 10,000 years 
after LLBG closure. 
 
 Contaminants that may have been previously released from other waste facilities, submarine reactor 
components, and other sources (for example, tank wastes, canyon facilities, the U.S. Ecology commercial 
LLW facilities) were not considered in this assessment because they are not within the scope of the HSW 
EIS.  The potential for cumulative impacts are discussed in Section 5.14. 
 
G.1 Methodology and Approach 
 
 The approach and steps taken to assess potential impacts to the groundwater system are provided in 
this section.  The alternatives considered in this assessment are as follows: 
 

• Alternative 1 (lower and upper bound waste volumes) 
 

• Alternative 2 (lower and upper bound waste volumes) 
 

• No Action Alternative. 
 
 These alternatives are described in detail in Section 3.0. 
 
 The analysis framework of this water quality assessment is divided into three major elements:  source 
term release, vadose zone transport modeling, and groundwater transport modeling.  The surface pathway 
was not considered because surface water transport within the 200 Areas plateau rarely occurs.  However, 
the potential dilution of groundwater (changed by releases from LLBGs) after it is discharged into the 
Columbia River is evaluated.   
 
 The points of assessment for this analysis were located on the Hanford Site at hypothetical wells 
located approximately 1 km (0.6 mi) down gradient of the 200 East and the 200 West Area LLBGs and 
at a hypothetical well near the Columbia River located down gradient from both LLBG areas (see 
Figure 5.2).  All well locations were selected based on simulated transport results of unit releases at 
selected LLBG locations used in this assessment.  Details of these unit release calculations are presented 
in G.1.3.3 of this appendix.  The hypothetical wells 1 km (0.62 mi) down gradient from the LLBGs were 
selected to represent contaminant concentrations in the unconfined aquifer at the closest points that can 
reasonably be modeled on a sitewide scale.  The hypothetical well near the Columbia River is representa-
tive of a well dug in the unconfined aquifer for domestic uses and as a surrogate for conditions at river 
shore springs.  The river well location based on contaminant plume predictions was found to be close to 
the Old Hanford Townsite. 
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 To estimate the concentration of contaminants in the groundwater, it was necessary to link the results 
of process models of waste release, transport through the vadose zone, and transport through the ground-
water system.  Two general approaches are available to link these models.  One approach involves 
simulating a contaminant inventory distribution through each of the three process models.  The other 
approach involves simulating a unit release through each of the three process models and superimposing 
these results with a specific constituent inventory distribution. 
 
 The first approach requires that each of the calculations be performed sequentially with each 
simulation representing a unique inventory distribution and parameter set.  This approach is preferred 
where the number of combinations of inventory distributions and parameter sets is small compared to the 
total number of simulations required. 
 
 The second approach involves development of system output or response from a unit impulse or 
release that can be simulated for each source area, parameter set, and process models.  In this case, the 
process models include models for estimating source release, vadose zone flow and transport, and 
groundwater flow and transport).  Unit releases in each of the process models can be simulated inde-
pendently.  Then, by making the assumption of linearity, the unit release responses from each individual 
source areas through each of the process models can then be combined or superimposed using the convo-
lution integral approach (Lee 1999).  The convolution integral calculational approach is preferred when 
the number of combinations of inventory distributions and parameter sets is large, compared to the num-
ber of vadose and groundwater flow and transport scenarios that need to be simulated.  This second 
approach was selected for this analysis. 
 
 The principal limitation of the convolution integral approach is that contaminant-specific processes, 
such as nonlinear adsorption or other complex chemical reaction processes, cannot be considered.  While 
nonlinear sorption and other nonlinear chemical reactive processes have been observed for some specific 
situations at the Hanford Site, they are often poorly understood and are rarely considered in vadose zone 
and groundwater transport simulations at the scale of the Hanford Site.  Another potential area of limita-
tion involves the use of solubility-controlling processes throughout the simulation domain.  Although it 
cannot be applied in all three process models using the convolution integral approach to calculating 
superposition, a good approximation of this process can be used by applying appropriate controls in the 
source-term release component of the analysis without disrupting the superposition process.  This 
approach was used in the calculation of source-term release of the uranium isotopes in each of the 
alternatives. 
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where  = Concentration at location, i, at time, t tiC ,

  = Inventory at source, s sM

  = Groundwater concentration at i based on a unit release from s (Coupled Fluid, Energy, 

and Solute Transport [CFEST] model output) 
tisc ,,

  = Fractional release of unit inventory in source s at time t (Release model output) tsr ,

  = Flux to water table from source s at time t based on unit release from s (Subsurface 
Transport Over Multiple Phases [STOMP] model output) 

tsf ,

  = number of sources. n

  = integration variable Τ
 
and where c  and  are the discrete response functions estimated with the vadose zone and ground-

water models based on a unit release.  These discrete responses can be quickly combined with equations 
G.1 and G.2 (that is, superimposed) in a variety of combinations to estimate system responses to different 
inventory distributions and parameter sets.  (Note that equations G.1 and G.2 are discrete-approximation 
representations of the classic convolution integral approach used in the calculation of superposition of 
responses in linear response systems.) 

tis ,, tsf ,

 
 Impacts from the subsurface transport pathway were analyzed for the LLBGs.  The contaminant 
inventory for the LLBGs was released to the vadose zone according to an appropriate release model.  
Transport within the vadose zone was estimated with a steady-state one-dimensional variably saturated 
vadose zone transport model by assuming a unit release for a range of recharge rates.  Travel times for 
releases of unit mass were defined by arrival of 50 percent of each unit mass.  These travel times were 
used to translate mass releases from the LLBGs into mass releases at the water table in the aquifer.  The 
time-varying mass flux arriving at the water table reflects the entire time history of the mass release from 
the source area, as well as the calculated travel time in the vadose zone. 
 
 Estimates of contaminant release transport from the LLBGs to the groundwater were evaluated.  This 
evaluation was done by first calculating transport of 10-yr releases of a unit of dry mass into the uncon-
fined aquifer at the approximate locations of the LLBGs at the water table.  These transport calculations 
were made with a steady-state three-dimensional saturated groundwater flow and transient transport 

Draft HSW EIS April 2002 G.4 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

model.  These calculated concentrations, based on a unit release, were then used in the convolution inte-
gral method to translate transport of mass releases from the LLW through the vadose zone and the aquifer 
to specified locations downgradient from the source areas.  The concentrations in the groundwater plumes 
for each radionuclide were translated into doses using methods described in Appendix F. 
 
 The sequence of calculations used in the long assessment required estimating the cumulative dose 
using a suite of process models that estimated source-term release, vadose zone flow and transport, and 
groundwater flow and transport.  The computational framework for these process models and relationship 
of software elements, which are schematically illustrated in Figure G.1, are as follows: 
 
  1. Excel™ workbook 
 
  2. Dynamically linked library version of the STOMP code (White and Oostrom 1996; White and 

Oostrom 1997; Nichols et al. 1997) 
 
  3. CFEST-96 code (Gupta et al. 1987; Gupta 1996) 
 
 The concentrations in the groundwater plumes for each radionuclide were translated into doses 
associated with industrial, residential, gardener, and Native American exposure scenarios using dose 
conversion factors (see Section 5.11 and Appendix F).  Doses from the various source locations and 
various radionuclides were combined to estimate the cumulative dose.  Uranium was also considered in 
the analysis for comparison with chemical toxicity standards. 
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Figure G.1.  Schematic Representation of Computational Framework and Codes Used in the HSW EIS 
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 The methodologies for calculating source-term release, vadose zone transport, and groundwater 
transport are described in the following sections.  Assumptions (for example, geometry, initial conditions, 
boundary conditions, and parameters) for each calculation are identified and discussed.  The 
implementation of each model for each alternative is described. 
 
G.1.1 Source-Term Release 
 
 The source term is the quantification of when and what constituents (by mass or activity) would be 
released.  This source term includes the water flux into the vadose zone that results from precipitation 
infiltrating the waste and mass or activity solubilized from dissolution of waste in the LLBGs.  This 
section addresses the approach and methods used for source-term release that involve the following: 
 

• Grouping of constituents into categories based on their mobility and screening to determine which 
constituents should be considered in this analysis 

 
• Aggregating potential sources into common source areas 

 
• Developing the contaminant inventories for each source area  

 
• Selecting appropriate source-term release models to calculate mass flux and fluid flux release as a 

function of time. 
 

G.1.1.1 Constituent Grouping and Screening 
 
 The LLBGs contain over 100 radioactive and non-radioactive constituents that potentially could 
impact groundwater.  Screening of these constituents considered a number of aspects that included 
1) their potential for dose or risk, 2) their estimated amount of inventory, and 3) their relative mobility in 
the subsurface system within a 10,000-year period of analysis.   
 
 The assessment was the beneficiary of preceding analyses and field observations including the 
performance assessments for 200 West and 200 East post-1988 burial grounds (WHC 1995; Wood et al. 
1996), the remedial investigation and feasibility study of the Environmental Restoration Disposal Facility 
(ERDF) (DOE-RL 1994), the disposal of immobilized low-activity radioactive waste originating from the 
single- and double-shell tanks (Mann et al. 1997; Mann et al. 2001), and the composite analysis of the 
200 Area Plateau (Kincaid et al. 1998).  These and other analyses, (e.g., environmental impact 
statements) included development of inventory data and application of screening or significance criteria 
to identify those radionuclides that could be expected to significantly contribute to either the dose or risk 
calculated in the respective analysis.  Those radionuclides identified as potential contributors in the 
published analyses are also expected to be key radionuclides in this assessment.   
 
 To establish the relative mobility of each contaminant, they were grouped based on their mobility in 
the vadose zone and underlying unconfined aquifer.  Contaminant groupings were used, rather than the 
individual mobility of each contaminant, primarily because of the uncertainty involved in determining the  
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mobility of individual constituents.  The groups were selected based on relatively narrow ranges of 
mobility, and constituents were placed in the more mobile group uncertainty was present concerning 
which group they should be placed in. 
 
 Some of the constituents, such as iodine and technetium, would move at the rate of water whether in 
the vadose zone or underlying groundwater.  The movement of other constituents in water, such as 
americium and cesium, would be slowed or retarded by the process of sorption onto soil and rock.  A 
parameter that is commonly used to represent a measure of this sorption is referred to as the distribution 
coeefficent or Kd.  This parameter is defined as the ratio of the quantity of the solute adsorbed per gram of 
solid to the amount of solute remaining in solution (Kaplan et al. 1996).  Values of Kd for the constituents 
range from 0 mL/g (in which the contaminant movement in water is not retarded) to more than 40 mL/g 
(in which the contaminant moves much slower than water). 
 
 The waste inventory constituents were grouped according to estimated or assumed Kd of each 
constituent.  The constituent groups, based on mobility and examples of common constituents, are 
described in the following text.   A summary of all constituents and associated groupings (based on Kd 
values) is provided in Table G.1.  The constituent groups used for modeling included the following: 
 

• Group 1 – Contaminants were modeled as non-sorbing (that is, Kd = 0) and would be unretarded in 
the soil-water system.  Contaminant Kd values in this group ranged from 0 to 0.59 mL/g and included 
all the isotopes of iodine, technetium, selenium, and chlorine. 

 
• Group 2 – Contaminants were modeled as slightly sorbing (that is, Kd = 0.6) and would be slightly 

retarded in the soil-water system.  Contaminant Kd values in this group ranged from 0.6 to 0.99 mL/g 
and included all the isotopes of uranium and carbon. 

 
• Group 3 – Contaminants were modeled as somewhat sorbing (that is, Kd = 1).  Contaminant Kd 

values in this group ranged from 1 to 9.9 mL/g and included all the isotopes of bismuth and cerium. 
 

• Group 4 – Contaminants were modeled as moderately sorbing (that is, Kd = 10).  Contaminant Kd 
values in this group ranged from 10 to 39.9 mL/g and included all the isotopes of neptunium, 
palladium, radium, strontium, and yttrium. 

 
• Group 5 – Contaminants were modeled as strongly sorbing (that is, Kd = 40).  Contaminant Kd values 

in this group were 40 mL/g or greater and included all the isotopes of americium, curium, cobalt, 
cesium, iron, nickel, lead, plutonium, tin, and thorium. 

 
 The constituent listing in Table G.1 was further evaluated using estimates of constituent transport 
times through the thick vadose zone to the unconfined aquifer during the 10,000-year period of analysis.  
For purposes of this analysis, the infiltration rate selected was 0.5 cm/yr.  This rate was assumed, based 
on recharge estimates for different site surface conditions by Fayer et al. (1999), to reflect a conservative 
estimate of infiltration for surface cover conditions that would be expected to persist at the LLBGs during 
the post-closure period in all alternatives.  Estimates by Fayer et al. (1999) indicate that infiltration rates  
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Table G.1.  Constituents Categorized by Kd Classes 1 
2  

Group 1 (Kd = 0.0 mL/g) 

Constituent 
Best Kd 

Estimate 
Range of Kd 

Estimates Reference 
Half Life 
(years) 

H-3 0 0 – 0.5 Kincaid et al. (1998) 1.2E+01 
Tc-99 0 0 – 0.6 Kincaid et al. (1998) 2.1E+05 
I-129 0.3 0.2 – 15 Kincaid et al. (1998) 1.5E+07 
Cl-36 0 0-0.6 Kincaid et al. (1998) 3.8E+05 
Se-79 0 0 – 0.78 Kincaid et al. (1998) 6.5E+05 

Group 2 (Kd Class = 0.6 mL/g) 
C-14 0.5 0.5 – 1000 Kincaid et al. (1998) 5.7E+03 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 

0.6 0.1 – 79.9 Kincaid et al. (1998) 6.9E+01 
1.5E+05 
2.4E+05 
7.0E+08 
2.3E+07 
4.5E+09 

Group 3 (Kd Class = 1.0 mL/g) 
Ba-133 1 N/A WHC (1995) 1.0E+01 

Group 4 (Kd Class = 10.0 mL/g) 
Np-237 15 2.4-21.9 Kincaid et al. (1998) 2.1E+06 
Pa-231 15 2.4 – 21.9 Kincaid et al. (1998) 3.3E+04 
Pd-107 10 N/A DOE and Ecology (1996) 6.5E+06 
Ra-226 20 5 – 173 Kincaid et al. (1998) 1.6E+03 
Sr-90 20 5 – 173 Kincaid et al. (1998) 2.8E+1 

Group 5 (Kd Class = 40.0 mL/g) 
Ac-227 300 67 – 1330 Kincaid et al. (1998) 2.1E.01 
Am-241 
Am-242m 
Am-243 

300 67 – 1330 Kincaid et al. (1998) 4.3E+02 
1.5E+02 
7.4E+03 

Co-60 1200 1200 – 12500 Kincaid et al. (1998) 5.3E+00 
Cm-243 
Cm-244 
Cm-245 
Cm-246 
Cm-248 

300 67 – 1330 Kincaid et al. (1998) 2.9E+01 
1.8E+01 
8.4E+03 
4.7E+03 
3.4E+05 

Cs-135 
Cs-137 

1500 540 – 3180 Kincaid et al. (1998) 2.30E+06 
3.0E+1 

Eu-152 300 67 – 1330 Kincaid et al. (1998) 1.3E+01 
Gd-152 100 N/A Wood et al. (1996) 1.1E+14 
Nb-94 300 50 – 2350 Kincaid et al. (1998) 2.0E+04 
Ni-63 300 50 – 2350 Kincaid et al. (1998) 1.0E+02 

3 
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Table G.1.  (contd) 1 
2  

Constituent 
Best Kd 

Estimate 
Range of Kd 

Estimates Reference 
Half Life 
(years) 

Group 5 (Kd Class = 40.0 mL/g) - continued 
Pb-210 2000 13000 – 79000 Kincaid et al. (1998) 2.2E+01 
Pu-238 
Pu-229 
Pu-240 
Pu-242 
Pu-244 

200 80 – >1980 Kincaid et al. (1998) 8.7E+01 
2.4E+04 
6.5E+03 
3.7E+05 
8.1E+07 

Th-229 
Th-230 
Th-232 

1000 40 – >2000 Kincaid et al. (1998) 7.3E+03 
7.7E+04 
1.4E+10 

Sm-147 100 N/A Wood et al. (1996) 1.1E+11 
Sn-126 50 50 – 2350 Kincaid et al. (1998) 9.9E+04 
Zr-93 1000 40 – >2000 Kincaid et al. (1998) 1.5E+06 
N/A = not applicable 
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for surface conditions that have naturally vegetated surface conditions or a Resource Conservation and 
Recovery Act (RCRA) Subtitle C barrier would be below the assumed 0.5 cm/yr rate used in this 
screening analysis.  
 
 Based on this assumed infiltration rate and estimated levels of sorption and associated retardation for 
each of the groups above, estimated travel times of all constituents in Groups 3, 4, and 5 through the thick 
vadose zone to the unconfined aquifer beneath the LLBGs were calculated to be well beyond the 
10,000-yr period of analysis.  Thus, all constituents in these groups were eliminated from further 
consideration.   
 
 Of the suite of remaining waste constituents, technetium-99 and iodine-129 in Group 1 and carbon-14 
and the uranium isotopes in Group 2 were considered to be in sufficient quantity and mobile enough to 
warrant detailed analysis of groundwater impacts.  Although three of the constituents in Group 1, 
selenium, chlorine, and tritium, are considered very mobile, they were screened out for other factors.  
Selenium and chlorine were not considered in the assessment because the total inventories for both of 
these constituents were estimated to be less than 0.01 Ci.  Tritium was not evaluated because of its 
relatively short half-life. 
 
 With some exceptions, estimated inventories of hazardous chemical constituents associated with 
waste considered under each alternative were found at trace levels and were not considered important in 
terms of groundwater quality.  Exceptions included lead and mercury associated with MLLW that were 
estimated at 336 kg (741 lb) and 2.5 kg (5.5 lb), respectively.  Because of its affinity to be sorbed onto 
Hanford Sediments, lead falls within the Kd Group 5 (Kd = 40 mL/g) and would not release to ground-
water within the 10,000-year period of interest in this analysis.  The inventory estimated for mercury is 
assumed to be small enough that it would not release to groundwater in substantial concentrations.  Even 
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the most conservative estimates of release would yield estimated groundwater concentrations at levels of 
two orders of magnitude below the current standard of 0.002 mg/L. 
 

G.1.1.2 Source Inventories 
 
 Inventory associated with the specific constituents for each of alternatives was partitioned between 
200 East and West Areas roughly in proportion to estimated disposal areas in the LLBGs that had already 
received waste or will receive newly generated waste.  Estimates of LLBG areas for each of the waste 
categories for all the alternatives are summarized in Table G.2.  The broad categories considered included 
previously disposed waste, newly generated Cat 1 and 3 LLW, and MLLW.  The relative percentages of 
LLBG areas for these three categories provide the basis for the partitioning of waste volumes and associ-
ated constituent inventories summarized in Table G.3.  For purposes of this analysis, the GTC3 LLW was 
considered part of the Cat 3 LLW.  GTC3 LLW consists of less than 1 m3 (1.4 yd3) containing mostly 
cesium-137 and other non-mobile nuclides. 
 

G.1.1.2.1 Release Models 
 
 Source-release models were selected and used to approximate contaminant releases from the variety 
of waste types considered in this analysis.  The models considered included a soil-debris release model 
and a cement release model. 
 

G.1.1.2.2 Soil-Debris Model 
 
 In the soil-debris model, waste is assumed to be mixed with soils.  Waste sources included in this 
model were assumed to be permeable to percolating water.  Thus, all surfaces of the waste were assumed 
to come into contact with percolating water.  If contaminant inventories in the source were high enough, 
leaching of contaminant through the bottom of the source was controlled by the solubility of the contami-
nant in soil water.  Otherwise, leaching was controlled by partitioning of the radionuclides between aque-
ous and sorbed phases.  The inventory was assumed to be perfectly mixed throughout the source volume 
during the entire release period.  Assuming perfectly mixed conditions reduced the likelihood that solu-
bility would control the release.  The mathematical basis of this release model is described in detailed in 
Appendix D of Kincaid et al. (1998). 
 
 The soil-debris model was used to estimate release of all non-grouted contaminants from previously 
buried waste, Cat 1 LLW, Cat 3 LLW, and MLLW.  The key parameter in the use of the soil-debris 
release model, besides the depth of the waste is the rate of infiltrating water through the LLBGs.  
Table G.4 provides a summary of assumed waste depths and infiltration rates used in the soil-debris 
model for each alternative. 
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Table G.2. Assumed Distribution of LLBG Areas of Previously Disposed Waste, Cat 1 LLW, 
Cat 3 LLW, and MLLW in 200 East and 200 West Areas by Alternative 

1 
2 
3  

Previously 
Buried Waste Cat 1 LLW Cat 3 LLW MLLW 

Waste 
Area(a) 

Existing 
LLBG Areas

New LLBG 
Areas 

New LLBG 
Areas 

Current and 
New LLBG 

Areas 
Failed Melter 
Trench Area 

 (ha) (ha)  (ha)  (ha)  (ha)  (ha)  
200 East Area Alternative 1 (Lower Bound Volume) 
218-E10 36 4.1     
218-E-12B 68 3.3   1.4 3.2 
200 West Area      
218-W-4B 3.5 0.7     
218-W-4C 20 2.2     
218-W-3A 20.4 16.6     
218-W-3AE 20 12.3     
218-W-5 37.2 11.4 1.8 2.5 1.7  
Total 205.1 50.6 1.8 2.5 6.3 

Percent of Total 
200 East 15 0 22 51 
200 West 85 100 27  

 
200 East Area Alternative 2 (Lower Bound Volume) 
218-E10 36 4.1 0.3 0.4   
218-E-12B 68 3.3   4.5 3.2 
200 West Area      
218-W-4B 3.5 0.7     
218-W-4C 20 2.2     
218-W-3A 20.4 16.6     
218-W-3AE 20 11.4     
218-W-5 37.2 11.4 7.6 10.6 1.7  
Total 205.1 49.7 7.9 10.9 9.5 

Percent of Total 
200 East 15 4 48 34 
200 West 85 96 18  
  
200 East Area Alternative 1 (Upper Bound Volume) 
218-E10 36 4.1     
218-E-12B 68 3.3   2.96 3.2 
200 West Area      
218-W-4B 3.5 0.7     
218-W-4C 20 2.2     
218-W-3A 20.4 16.6     
218-W-3AE 20 11.4     
218-W-5 37.2 11.4 5.4 3.8 1.7  
Total 205.1 49.7 5.4 3.8 7.9  
Percent of Total    
200 East 15 0  37 41 
200 West 85 100  22  

4 
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Table G.2.  (contd) 1 
2  

Previously 
Buried Waste Cat 1 LLW Cat 3 LLW MLLW 

Waste 
Area(a) 

Existing 
LLBG Areas

New LLBG 
Areas 

New LLBG 
Areas 

Current and 
New LLBG 

Areas 
Failed Melter 
Trench Area 

 (ha) (ha)  (ha)  (ha)  (ha)  (ha)  
200 East Area Alternative 2 (Upper Bound Volume) 
218-E10 36 4.1 2.1 1.5   
218-E-12B 68 3.3   9.0 3.2 
200 West Area      
218-W-4B 3.5 0.7     
218-W-4C 20 2.2     
218-W-3A 20.4 16.6     
218-W-3AE 20 11.4     
218-W-5 37.2 11.4 13.1 9.1 1.7  
Total 205.1 49.7 15.2 10.6 13.95  
Percent of Total   
200 East  15 15 4 65 23 

200 West  85 85 96 12  

200 East Area No Action Alternative 
218-E10 36 4.1 0.3 0.4   
218-E-12B 68 3.3   4.5 3.2 
200 West Area       
218-W-4B 3.5 0.7     
218-W-4C 20 2.2     
218-W-3A 20.4 16.6     
218-W-3AE 20 11.4     
218-W-5 37.2 11.4 7.6 10.6 1.7  
Total 205.1 49.7 7.9 10.9 9.5  
Percent of Total    
200 East  15 4 4 48 34 
200 West  85 96 96 18  
(a) LLBG area estimates in the various waste categories are approximate cumulative areas of individual trenches 

and are less than estimates of disturbed areas outlined in Table 5.1 (Section 5.1). 
 3 
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 Table G.3. Assumed Distribution of Inventories, in Curies, of Mobile Constituents in Previously Buried Waste, 
Cat 1 and Cat 3 LLW, and MLLW in 200 East and 200 West Areas by Alternative 

 
Previously Buried Post 1988 to Future 

Pre-1970 Waste 1970-1988 Waste Cat 1 LLW Cat 3 LLW MLLW 
Failed 

Melters 
200 East 200 West 200 East 200 West 200 East 200 West 200 East 200 West 200 East 200 West 200 East Radio-

nuclide Alternative 1 (Lower Bound Volume) 
C-14 0.00E+00  0.00E+00 2.19E+02 4.04E+02 0.00E+00 7.25E+00 0.00E+00 9.42E-01 1.88E+00 5.00E+00 0.00E+00
Tc-99 8.17E-01  8.73E-01 0.00E+00 1.53E+01 0.00E+00 1.41E+00 0.00E+00 0.00E+00 1.07E+01 2.83E+01 0.00E+00
Grouted 
Tc-99  0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.01E+02 3.23E+01 8.59E+01 3.88E+01
I-129 1.98E-03  8.50E-02 7.77E-03 4.40E-02 0.00E+00 7.20E-08 0.00E+00 8.50E-04 4.51E-02 1.20E-01 0.00E+00
U-234 1.25E+00  2.65E+02 1.12E+01 6.34E+01 0.00E+00 0.00E+00 0.00E+00 7.91E+02 7.00E+00 1.86E+01 8.90E-01
U-235 3.78E-02  8.04E+00 8.27E-01 4.68E+00 0.00E+00 0.00E+00 0.00E+00 5.51E+00 1.11E-01 2.96E-01 3.70E-02
U-236 2.55E-02  5.41E+00 5.70E-01 3.23E+00 0.00E+00 0.00E+00 0.00E+00 1.02E+02 1.31E-01 3.48E-01 3.10E-02
U-238 9.13E-01  1.94E+02 2.04E+01 1.16E+02 0.00E+00 0.00E+00 0.00E+00 1.27E+03 1.26E+00 3.35E+00 7.90E-01

Alternative 1 (Upper Bound Volume) 
C-14 0.00E+00  0.00E+00 2.19E+02 4.04E+02 0.00E+00 7.27E+00 0.00E+00 1.45E+02 4.55E+00 5.00E+00 0.00E+00
Tc-99 8.17E-01  8.73E-01 0.00E+00 1.53E+01 0.00E+00 1.41E+00 0.00E+00 0.00E+00 1.07E+01 2.83E+01 0.00E+00
Grouted 
Tc-99  0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.05E+02 3.95E+02 8.59E+01 3.88E+01
I-129 1.98E-03  8.50E-02 7.77E-03 4.40E-02 0.00E+00 7.20E-08 0.00E+00 8.50E-04 4.51E-02 1.20E-01 0.00E+00
U-234 1.25E+00  2.65E+02 1.12E+01 6.34E+01 0.00E+00 0.00E+00 0.00E+00 8.78E+02 6.69E+02 1.80E+01 8.90E-01
U-235 3.78E-02  8.04E+00 8.27E-01 4.68E+00 0.00E+00 0.00E+00 0.00E+00 2.82E+01 2.96E+01 2.69E-01 3.70E-02
U-236 2.55E-02  5.41E+00 5.70E-01 3.23E+00 0.00E+00 0.00E+00 0.00E+00 1.02E+02 1.22E-01 3.26E-01 3.10E-02
U-238 9.13E-01  1.94E+02 2.04E+01 1.16E+02 0.00E+00 0.00E+00 0.00E+00 1.41E+03 6.94E+02 4.05E+00 7.90E-01
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Table G.3.  (contd) D
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Previously Buried Post 1988 to Future 

Pre-1970 Waste 1970-1988 Waste Cat 1 LLW Cat 3 LLW MLLW 
Failed 

Melters 
200 East 200 West 200 East 200 West 200 East 200 West 200 East 200 West 200 East 200 West 200 East Radio-

nuclide Alternative 2 (Lower Bound Volume) 
C-14 0.00E+00 0.00E+00 2.19E+02 4.04E+02 2.72E-01 6.98E+00 3.54E-02 9.07E-01 1.88E+00 5.00E+00 0.00E+00
Tc-99 8.17E-01 8.73E-01 0.00E+00 1.53E+01 5.30E-02 1.36E+00 0.00E+00 0.00E+00 1.07E+01 2.83E+01 0.00E+00
Grouted 
Tc-99  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.51E+01 3.86E+02 3.23E+01 8.59E+01 3.88E+01
I-129 1.98E-03 8.50E-02 7.77E-03 4.40E-02 2.71E-09 6.93E-08 3.19E-05 8.18E-04 4.51E-02 1.20E-01 0.00E+00
U-234 1.25E+00 2.65E+02 1.12E+01 6.34E+01 0.00E+00 0.00E+00 2.97E+01 7.61E+02 7.00E+00 1.86E+01 8.90E-01
U-235 3.78E-02 8.04E+00 8.27E-01 4.68E+00 0.00E+00 0.00E+00 2.07E-01 5.30E+00 1.11E-01 2.96E-01 3.70E-02
U-236 2.55E-02 5.41E+00 5.70E-01 3.23E+00 0.00E+00 0.00E+00 3.83E+00 9.82E+01 1.31E-01 3.48E-01 3.10E-02
U-238 9.13E-01 1.94E+02 2.04E+01 1.16E+02 0.00E+00 0.00E+00 4.77E+01 1.22E+03 1.26E+00 3.35E+00 7.90E-01

Alternative 2 (Upper Bound Volume) 
C-14 0.00E+00 0.00E+00 2.19E+02 4.04E+02 2.73E-01 7.00E+00 5.45E+00 1.40E+02 4.55E+00 5.00E+00 0.00E+00
Tc-99 8.17E-01 8.73E-01 0.00E+00 1.53E+01 5.30E-02 1.36E+00 0.00E+00 0.00E+00 1.07E+01 2.83E+01 0.00E+00
Grouted 
Tc-99  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.52E+01 3.90E+02 3.95E+02 8.59E+01 3.88E+01
I-129 1.98E-03 8.50E-02 7.77E-03 4.40E-02 2.71E-09 6.93E-08 3.19E-05 8.18E-04 4.51E-02 1.20E-01 0.00E+00
U-234 1.25E+00 2.65E+02 1.12E+01 6.34E+01 0.00E+00 0.00E+00 3.30E+01 8.45E+02 6.69E+02 1.80E+01 8.90E-01
U-235 3.78E-02 8.04E+00 8.27E-01 4.68E+00 0.00E+00 0.00E+00 1.06E+00 2.71E+01 2.96E+01 2.69E-01 3.70E-02
U-236 2.55E-02 5.41E+00 5.70E-01 3.23E+00 0.00E+00 0.00E+00 3.83E+00 9.82E+01 1.22E-01 3.26E-01 3.10E-02
U-238 9.13E-01 1.94E+02 2.04E+01 1.16E+02 0.00E+00 0.00E+00 5.30E+01 1.36E+03 6.94E+02 4.05E+00 7.90E-01

 



 

 

Table G.3.  (contd) 
 

Previously Buried Post 1988 to Future 

Pre-1970 Waste 1970-1988 Waste Cat 1 LLW Cat 3 LLW MLLW 
Failed 

Melters 
200 East 200 West 200 East 200 West 200 East 200 West 200 East 200 West 200 East 200 West 200 East Radio-

nuclide No Action Alternative 
C-14 0.00E+00   0.00E+00 2.19E+02 4.04E+02 2.73E-01 7.00E+00 5.45E+00 1.40E+02 0.00E+00 5.00E+00 0.00E+00
Tc-99 8.17E-01   8.73E-01 0.00E+00 1.53E+01 5.30E-02 1.36E+00 0.00E+00 0.00E+00 0.00E+00 2.83E+01 0.00E+00
Grouted 
Tc-99  0.00E+00   0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.52E+01 3.90E+02 0.00E+00 8.59E+01 0.00E+00
I-129 1.98E-03   8.50E-02 7.77E-03 4.40E-02 2.71E-09 6.93E-08 3.19E-05 8.18E-04 0.00E+00 1.20E-01 0.00E+00
U-234 1.25E+00   2.65E+02 1.12E+01 6.34E+01 0.00E+00 0.00E+00 3.30E+01 8.45E+02 0.00E+00 1.86E+01 0.00E+00
U-235 3.78E-02   8.04E+00 8.27E-01 4.68E+00 0.00E+00 0.00E+00 1.06E+00 2.71E+01 0.00E+00 2.96E-01 0.00E+00
U-236 2.55E-02   5.41E+00 5.70E-01 3.23E+00 0.00E+00 0.00E+00 3.83E+00 9.82E+01 0.00E+00 3.48E-01 0.00E+00
U-238 9.13E-01   1.94E+02 2.04E+01 1.16E+02 0.00E+00 0.00E+00 5.30E+01 1.36E+03 0.00E+00 3.35E+00 0.00E+00
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Table G.4.  Summary of Waste Depth and Infiltration Rates Used in Soil-debris Release Model 1 
2  

Waste Type 
Waste Depth 

(m) 
Infiltration Rate 

(cm/year) 
Alternative 1 

Disposed Waste 6 0.05 
Cat 1 LLW 18 0.05 
Cat 3 LLW 18 0.05 
MLLW   
200 East Area   
MLLW Trench 18 0.05 
Melter Trench 21 0.05 
200 West Area 6 0.05 

Alternative 2 
Disposed Waste 6 0.05 
Cat 1 LLW 6 0.05 
Cat 3 LLW 6 0.05 
MLLW   
200 East Area   
MLLW Trenches 18 0.05 
Melter Trench 21 0.05 
200 West Area 6 0.05 

No Action Alternative 
Disposed Waste 6 0.5 
Cat 1 LLW 6 0.5 
Cat 3 LLW 6 0.5 
MLLW   
200 West Area 6 0.5 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

 
 This assessment focuses on the long-term release of contaminants from LLBGs during the post-
closure period and does not assess the potential for significant release and transport through the vadose 
zone during the period of operations.  This assumption of minimal leaching and migration prior to site 
closure is reasonable for the majority of waste being considered.  Containment and wastes forms used in 
Cat 1 and Cat 3 LLW would be expected to be sufficient to contain and isolate disposed LLW during the 
operational period.  MLLW facilities, which involve the collection and management of leachate during 
and following the operational period is also expected to control the amount of waste leaching during the 
period of operations.  Thus, an infiltration rate of 0.5 cm/yr was used for the Cat 1 LLW, Cat 3 LLW, and 
MLLW within the No Action Alternative. 
 
 An infiltration rate of 0.5 cm/yr was also used in release modeling of the pre-1970 and 1970-1988 
wastes within the No Action Alternative for the post-closure assessment.  This infiltration rate is a reason-
able infiltration rate year (Fayer and Walters 1996; Fayer et al. 1999) to use in the post-closure period 
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when natural vegetative cover would be expected to persist.  However, the implicit assumptions of 
minimal leaching and vadose transport for contaminants contained in waste may not be conservative.  
Leaching of these categories of waste prior to site closure has the potential to be influenced by relatively 
high infiltration rates during and shortly after the disposal period when bare soil conditions persist.  
Infiltration rates into coarse surface sediments maintained free of vegetation as would be expected during 
and shortly after the disposal period is estimated to be on the order of 5 cm/yr, based on data from a non-
vegetated gravel-covered lysimeter studies conducted on the Hanford Site (Fayer and Walters 1996; Fayer 
et al. 1999).  Eventually, infiltration through the LLBGs would be expected to be reduced to lower levels 
as surface cover conditions return to a more natural vegetative state. 
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 For all LLW and MLLW under Alternatives 1 and 2 and for MLLW under the No Action Alternative, 
it is assumed that LLBGs would have a long-term surface barrier at Site closure that would limit infiltra-
tion rates through the disposed wastes.  The assumed barrier is a RCRA Subtitle C barrier.  Recharge 
from this barrier system is expected to very low and comparable to long-term recharge estimates for the 
Hanford Barrier.  A recent analysis by Fayer et al. (1999) for the Immobilized Low-Activity Waste 
(ILAW) Disposal Program has estimated a long-term infiltration at 0.01 cm/yr through this type of a 
system with an established natural (that is, shrub-steppe plant community) cover condition.  This rate is 
lower than the cover design goal of 0.05 cm/yr because this evaluation considered actual drainage rates of 
such a cover system measured with lysimeters and inferred from modeling.  For purposes of this analysis, 
the long-term recharge rate for this end-state was conservatively assumed to be the design goal rate of 
0.05 cm/year to reflect an expected long-term vegetated site condition during the Hanford post-closure 
period. 
 
 In the case of uranium isotope release calculations, sufficient inventories of uranium in a number of 
LLW categories were estimated with the soil-debris model using solubility controls.  For all LLW 
categories except Cat 3 LLW, a solubility controlled concentration of 200 mg/L was used for all uranium 
isotopes.  This estimate was developed and described for Hanford-specific conditions in Appendix B of 
Buck et al. 1996. 
 
 In the Cat 3 LLW, the geochemical environment created by the presence of cement associated with 
the high-integrity containers (HICs) and the in-trench grouting is expected to reduce the release of 
uranium at much lower concentration limits.  The solubility-controlled concentration used for Cat 3 LLW 
was 0.23 mg/L, which was based on an estimate (2.34 x 10-4 g/L) developed and described in Wood et al. 
(1996) for use in the performance assessment of solid waste burial grounds in 200 East Area. 
 
 To account for the expected delay in release for Cat 3 LLW because they are contained within the 
HIC or grouted in place, the soil-debris release model used a 300-year delay before releases were 
initiated.  This delay is consistent with the estimated 300-year lifetime of LLW containment effectiveness 
of the HIC or in-trench grouting. 
 

G.1.1.3 Cement Release Model 
 
 For some categories (Cat 3 LLW and MLLW) in each of the alternatives, waste containing elevated 
levels of technetium-99 will be placed in a grout matrix before being placed in the LLBGs.  For this type 

 G.17 Draft HSW EIS April 2002 



 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

of grouted waste, a release model referred to as the cement-release model was used to approximate the 
source release.  The underlying basis of cement-release model assumes that 1) the grouted waste’s 
permeability is much lower than that of the surrounding soil, 2) the permeability of the waste is low 
enough that advective water flow within the waste form is essentially zero, and 3) the pore space 
connectivity in the cementitious waste form is sufficiently high to allow contaminant mobility within the 
waste form by diffusion.  The mathematical basis of this release model is also described in detailed in 
Appendix D of Kincaid et al. (1998). 
 
 In the cement release model, percolating water is assumed to move around the grouted waste, and 
contaminants are leached only from the outer surface.  As this occurs, contaminants inside the waste form 
are assumed to diffuse toward the outer surface.  Therefore, overall contaminant release from the source 
zone is assumed to be controlled by the effective diffusion coefficient of the contaminant in the waste 
form. 
 
 Specific values of effective diffusion coefficient in cement-release model type waste forms for each 
radionuclide were chosen from the values originally reported by Serne et al. (1989).  These values had 
previously been incorporated into a computer database known as the Multimedia-Modeling Environ-
mental Database Editor (MMEDE) (Warren and Strenge 1994).  For the source-term calculation effort of 
this analysis, the MMEDE database was queried to produce an electronic file of tabulated diffusion 
coefficients for relevant radionuclides (that was subsequently incorporated into the source-term calcula-
tion spreadsheet).  This study used diffusion coefficient values as reported in Buck et al. (1996).  For 
some radionuclides (for which no specific values were available), the diffusion coefficient was fixed at a 
reasonable conservatively high default value (5 x 10-8 cm2 s-1).   
 
G.1.2 Vadose Zone Modeling 
 
 Contaminants released from the LLBGs were transported downward through the vadose zone to the 
water table.  The primary mechanism for transport in the vadose zone was water flow in response to 
gravitational and capillary forces.  After disposal operations cease, steady-state hydraulic conditions 
resulting from different surface covers (including re-vegetation) that affect recharge were represented in 
the model.  Recharge directly from precipitation or snowmelt infiltrates into the vadose zone.  The 
recharge rate varies for the assumed surface cover conditions for each of the LLBGs.  These data used in 
the vadose zone model are described in the remainder of this section. 
 
 The vadose zone was modeled as a stratified one-dimensional column.  In this analysis, it was not 
appropriate to represent the vadose zone with a multidimensional model because of the large number 
of LLBG sites modeled and the limited characterization of the vadose zone.  Multidimensional modeling 
of the vadose zone has been performed for some waste sources and types (Mann et al. 1997; Mann et al. 
2001), but was not practical for this analysis for the large number of sites in question. 
 
 The remainder of this section describes the stratigraphy, hydraulic properties, recharge, and 
geochemical conditions used in this analysis. 
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 Because of the large numbers of sites to be modeled in this assessment, the technical approach used 
for the vadose zone stratigraphy was similar to the approach used in the composite analysis by Kincaid et 
al. (1998).  The stratigraphy used was an approximation that was consistent with the major geologic 
formations found in the vadose zone beneath the 200 Area Plateau in the areas of question and was based 
on work documented in Thorne and Chamness (1992), Thorne et al. (1993), and Thorne et al. (1994).  In 
the composite analysis, the stratigraphies for several areas of the 200 East and 200 West Areas were 
defined as a set of strata consistent with the nearest available well log from 18 well logs (Kincaid et al. 
1998).  Each of the well logs included location, ground surface elevation, and the thickness of the various 
major sediment types. 
 
 A summary of the geologic well logs used in the Composite analysis appears in Table G.5.  At each 
profile location, seven sediment types and one rock type (basalt) were identified and used to define the 
stratigraphy.  The acronyms of the sediment types provided in Table G.5 are associated with the following 
sediment types:  200 East Area Hanford Gravel (LEHG or EHG) sediment, 200 East Area Hanford Sand 
(EHS) sediment, 200 East Area Ringold (ER) sediment, 200 West Area Hanford Sand (WHS) sediment, 
200 West Area Early Palouse (WEP) sediment, 200 West Area Plio-Pleistocene (WPP) sediment, and 
200 West Area Ringold (WR) sediment.  The East Hanford Gravel sediment type also appears in the table 
as Lower 200 East Area Hanford Gravel (LEHG) sediment type, but the same soil moisture characteristics 
are applied to both.  At most, four different sediment types occurred above the basalt at any location.  In 
the vadose zone model, the basalt rock type was regarded as impermeable and was used to define the 
default bottom of the vadose zone profile.  If the water table fell below the top of the basalt, as in the case 
for LLBGs located in the northern part of 200 East Area, the vadose zone was still assumed to be limited 
to the basalt surface. 
 
 Two of the composite well logs developed for the composite analysis were selected for use in this 
assessment based on their proximity to the LLBGs.  The specific well logs used to approximate the 
vadose zone stratigraphy at the LLBGs, which are noted in the first two rows of the table, are 218-E-12B 
in 200 East Area and 218-W-5 in 200 West Area. 
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Table G.5.  Geologic Well Logs for the Vadose Zone Model 
 

Composite Well Log 

Surface 
Elevation 

(m) 
Northing 

(m)(a) 
Easting 
(m)(b) Sediment 1(c)

Thickness 
(m) Sediment 2 

Thickness 
(m) Sediment 3

Thickness 
(m) Sediment 4(d)

Thickness 
(m) 

218-W-5(e) 224.9 137024 565658 WHS      19 WEP 4 WPP 7 WR 85
218-E-12B(f)        191.9 137238 574643 EHG 10 EHS 6 LEHG 54 ER 0.01
218-E-10      190.7 137468 572924 EHG 10 EHS 6 LEHG 59 ER 0.01
299-E13-20        226.4 134313 573610 EHG 10 EHS 6 LEHG 80 ER 60
299-E19-1     224.1 135086 572820 EHG 10 EHS 6 LEHG 91 ER 51
299-E24-7     218.2 135561 574407 EHG 10 EHS 6 LEHG 60 ER 56
299-E25-2     205.9 136062 575514 EHG 10 EHS 6 LEHG 60 ER 36
299-E26-8     188.8 136687 575522 EHG 10 EHS 6 LEHG 44 ER 14
299-E28-16        214.3 136562 573135 EHG 10 EHS 6 LEHG 71 ER 12
299-E28-22        213.5 136321 574041 EHG 10 EHS 6 LEHG 83 ER 17
299-W6-1         214.1 137510 567214 WHS 14 WPP 4 WR 121
299-W11-2          217.8 136671 567407 WHS 34 WEP 4 WPP 7 WR 110
299-W14-7         206.6 135655 567034 WHS 38 WPP 2 WR 118
299-W14-8A          221.0 135688 568013 WHS 47 WEP 5 WPP 5 WR 106
299-W15-15 212.8         135752 566089 WHS 42 WEP 3 WPP 8 WR 100
299-W18-21 203.8         134979 566098 WHS 36 WEP 5 WPP 3 WR 100
299-W21-1 213.1 134397 568141 WHS        53 WEP 8 WPP 8 WR 100
299-W22-24 211.0 134411 567648 WHS        42 WEP 13 WPP 12 WR 104

(a) Refers to north coordinate in Washington State Plane NAD83 coordinate system. 
(b) Refers to east coordinate in Washington State Plane NAD83 coordinate system. 
(c) Refers to the upper sediment layer. 
(d) Refers to the lowest sediment layer simulated. 
(e) Composite well log used in analysis of 200 West Area LLBGs. 
(f) Composite well log used in analysis of 200 East Area LLBGs. 
EHS –  200 East Area Hanford Gravel Sediment 
LEHG -  Lower 200 East Area Hanford Gravel Sediment 
ER – 200 East Area Ringold Sediment 
WHS – 200 West Area Hanford Sand Sediment 
WPP –  200 West Area Plio-Pleistocene Sediment 
WEP –  200 West Area Lower Palouse Sediment 
WR  - 200 West Area Ringold Sediment 
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 Modeling water flow and radionuclide transport through the vadose zone required a description of the 
relationship between moisture content, pressure head, and unsaturated hydraulic conductivity.  These 
relationships, called soil moisture characteristics, are highly nonlinear.  In this analysis, non-hysteretic 
relationships were assumed for Hanford Site soils because few measurements to characterize hysteresis 
have been made for such soils, and it is believed to be of secondary importance.  The hydraulic properties 
of Hanford Site soils are highly variable, both between the Hanford and Ringold formations and within 
each of the formations (Khaleel and Freeman 1995).  For purposes of this analysis, only single values of 
each of the parameters provided in the table were used in this assessment. 
 
 In this analysis, different sediment types were used to define the one-dimensional columns beneath 
the LLBGs.  The hydraulic properties of the sediment types were assumed to be uniform with each 
sediment layer.  Preferential flow paths in the form of wells and clastic dikes were not considered in this 
analysis because use of one-dimensional models cannot represent their local influence in a three-
dimensional environment.  The potential influence of preferential flow paths, especially clastic dikes, 
have been addressed in the performance assessments for the solid waste burial grounds (WHC 1995; 
Wood et al. 1996) and more recently by Ward et al. (1997) for post-1988 LLW.  WHC (1995) and Wood 
et al. (1996) concluded that clastic dikes were insufficiently large and insufficiently continuous to provide 
a true preferential pathway. 
 
 The model of soil hydraulic properties based on the van Genuchten (1980) and Mualem (1976) 
analytical expressions was used as the basis for the relationships between moisture content, pressure head, 
and unsaturated hydraulic conductivity.  This model has been applied in previous vadose zone studies at 
the Hanford Site.  Parameters for the van Genuchten and Mualem models have been determined by fitting 
experimental data for Hanford Site sediments to the classic analytic expressions of these models.  These 
results are described in several Hanford Site documents, but the parameters used in this analysis were 
compiled by Khaleel and Freeman (1995). 
 
 For this analysis, unsaturated flow parameters were established for each of the vadose zone sediment 
types previously defined.  Sediment types and the associated unsaturated flow modeling parameters used 
in this analysis are shown in Table G.6.  It should be noted that laboratory-measured moisture retention 
and saturated conductivity data in Table G.6 have been corrected for the gravel fraction (> 2 mm) present 
in the bulk sample. 
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Table G.6.  Sediment Types and Unsaturated Flow Model Parameters Used in the Composite 
Analysis

1 
2 
3 

(a) 
 

Sediment Name 
(Code) 

van 
Genuchten 

alpha 

van 
Genuchten

n (1/cm) 

Residual 
Water 

Content 
(cm3/cm3)

Saturated 
Water 

Content 
(cm3/cm3)

Saturated 
Hydraulic 

Conductivity 
(cm/s) 

Bulk 
Density 
(g/cm3) 

Gravel 
%(b) 

200 East Area 
Hanford Gravel 
(EHG) 

8.11E-03 1.58 0.0146 0.119 1.76E-03  1.97 41.70

Lower 200 East 
Area Hanford 
Gravel (LEHG) 

8.11E-03 1.58 0.0146 0.119 1.76E-03  1.97 41.70

200 East Area 
Hanford Sand 
(EHS) 

1.30E-01 2.10 0.0257 0.337 1.19E-02  1.78 17.30

200 East Area 
Ringold (ER) 8.19E-03 1.53 0.0262 0.124 3.97E-04 2.04 43.30

200 West Area 
Hanford Sand 
(WHS) 

1.44E-02 2.20 0.0519 0.382 3.98E-04 1.64 3.60

200 West Area 
Early Palouse 
(WEP) 

6.27E-03 2.53 0.0300 0.379 9.69E-05 1.68 2.00

200 West Area 
Plio-Pleistocene 
(WPP) 

1.55E-02 1.78 0.0616 0.337 5.79E-02 1.65 8.40

200 West Area 
Ringold (WR) 3.14E-02 1.65 0.0236 0.226 5.76E-02 2.04 43.30

(a) Data are from Khaleel and Freeman (1995). A normal distribution was assumed for the parameters “van 
Genuchten n,” “Residual Water Contents,” and “Saturated Water Content,” and the mean was calculated 
accordingly.  A log-normal distribution was assumed for the parameters “van Genuchten alpha” and 
“Saturated Hydraulic Conductivity,” and the mean was calculated accordingly.  If the sample size was 
less than 10, the parameters “van Genuchten alpha” and “Saturated Hydraulic Conductivity” were 
determined using the geometric mean. 

(b) Only fine particles were assumed to contribute to sorption of contaminants of concern.  The impact of 
larger particles was corrected using Gravel %. 

4 
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8 
9 
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G.1.2.3 Recharge Rates 

 
 This assessment focuses on the long-term transport of contaminant from the LLBGs through the 
underlying vadose zone to the unconfined aquifer after the end of the operational period in 2046.  At the 
Hanford Site, data on the current distribution of soil moisture and contaminants in the vadose zone at the 
majority of waste sites are inadequate to define long-term conditions for modeling, so simulations were 
begun at the initiation of LLBGs release to the vadose zone assumed to start at the end of the operational 
period.  Initial conditions in this analysis were based on expected conditions after the operational period 
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and assumed steady-state natural recharge conditions with no contaminants in the vadose zone.  The 
assumed long-term recharge rate that will govern the migration of contaminants through the vadose zone 
to the underlying water table will be controlled by the expected regional surface conditions surrounding 
the burial ground areas dominated by natural vegetation and will be on the order on 0.5 cm/year as 
currently estimated for vegetative surface conditions (Fayer and Walters 1996; Fayer et al. 1999).  The 
net recharge or infiltration rate on a local scale will vary, representing a range of surface cover conditions, 
from undisturbed surfaces with natural vegetation, to disturbed surfaces maintained free of vegetation, to 
engineered surface barriers designed for long-term service. 
 

G.1.2.4 Distribution Coefficients 
 
 In this analysis, the linear sorption isotherm model was used in transport calculations.  This model 
was selected because it was the only approach for which model parameters (distribution coefficients) 
were available for the LLBG contaminants.  The distribution coefficients used for the vadose zone 
analysis are summarized in Table G.1. 
 

G.1.2.5 Vadose Zone Model Implementation 
 
 The vadose zone flow and transport model was implemented with the STOMP code (White and 
Oostrom 1996; White and Oostrom 1997; Nichols et al. 1997).  Implementation of the vadose zone model 
with a unit release resulted in estimates of the annual contaminant flux to the water table that was used in 
the convolution integral method for linear superposition described previously. 
 
 The STOMP code was developed under the volatile organic compounds (VOCs) Arid Demonstration 
Project through the U.S. Department of Energy (DOE) Office of Technology Development (White and 
Oostrom 1997).  STOMP is based on the numerical solution of the three-dimensional Richard’s equation 
for fluid flow (Richards 1931) and the advection-dispersion equation for contaminant transport.  Although 
STOMP is capable of three-dimensional simulations, it is also designed to be efficient in performing 1- 
and 2-dimensional simulations.  The code is based on an integral-volume, finite-difference method and is 
designed to simulate a wide variety of multidimensional, nonlinear, nonisothermal, and multiphase 
situations.  STOMP was selected for this analysis because of computational efficiency and flexibility, its 
prior application to the Hanford Site vadose zone (Ward et al. 1997), and its thorough documentation 
(Nichols et al. 1997; White and Oostrom 1997; White and Oostrom 1996). 
 
 Because of the large numbers of sites to be modeled in this assessment, the technical approach used 
for the vadose zone stratigraphy was similar to the approach used in the composite analysis by Kincaid et 
al. (1998).  The stratigraphy used was an approximation that was consistent with the major geologic 
formations found in the vadose zone beneath the 200 Area Plateau in the areas of question and was based 
on work documented in Thorne and Chamness (1992), Thorne et al. (1993), and Thorne et al. (1994).  A 
summary of the geologic well logs used in the Composite analysis appears in Table G.5.   To approximate 
the vadose zone at the LLBGs in the 200 East and West Areas, two of the composite well logs developed 
for the composite analysis were selected for use in this assessment based on their proximity to the  
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LLBGs.  The specific well logs used to approximate the vadose zone stratigraphy at the LLBGs, which 
are noted in the first two rows of the table, are 218-E-12B in 200 East Area and 218-W-5 in 200 West 
Area. 
 
 Water table elevations for future conditions at the LLBGs were calculated with the groundwater flow 
model.  This information was used in the vadose zone transport calculations to define the bottom of the 
vadose zone.  The elevation of the top of the vadose zone at the LLBGs was calculated from land surface 
elevations and depth to the bottom of the source, which was tabulated for the LLBGs. 
 
 Results of vadose zone transport of a unit release to water table for the assumed long-term recharge 
rate of 0.5 cm/year using assumed soil columns and properties in the 200 East and West Areas, is 
presented in Figure G.2.  Travel times for the releases of unit mass of the considered contaminants, as 
defined by arrival of 50 percent of each unit mass, is on the order of 600 years in the 200 East Area and 
900 years in the 200 West Area. 
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 Figure G.2. STOMP Code Results for Releases to the Water Table for a Unit Release from LLBGs 

for an Assumed Recharge Rate of 0.5 cm/yr 
 
G.1.3 Groundwater Modeling 
 
 Contaminant transport through the saturated unconfined aquifer was simulated with the sitewide 
groundwater flow and transport model CFEST-96 model (Wurstner et al. 1995; Cole et al. 1997) for the 
200 East and the 200 West LLBGs. 
 
 A three-dimensional conceptual model was developed for the unconfined aquifer that included 
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and corresponding flow 
and transport parameters.  The conceptual model was used to guide the setup of the numerical model.  A 
grid spacing of 375 m (1230 ft) was established for the Hanford Site and overlain onto a Site map 
containing physical features and the LLBGs. 
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G.1.3.1.1 Hydrogeologic Framework 

 
 Hydrogeologic units defined for use in the model were designated by numbers and are briefly 
described in Table G.7.  More detailed descriptions of the sediments were presented Section 4.5 of this 
HSW EIS, and a graphic comparison of the model units taken from Thorne et al. (1993) against the 
stratigraphic column defined in Lindsey (1995) is shown in Figure G.3. 
 
 Although nine hydrogeologic units were defined, only seven (Units 1, 4, 5, 6, 7, 8, 9) are found below 
the water table during post-Hanford conditions (Cole et al. 1997).  Odd-numbered Ringold model units 
(5, 7, and 9) are predominantly coarse-grained sediments.  Even-numbered Ringold model units (4, 6, 
and 8) are predominantly fine-grained sediments with low permeability.  The Hanford formation 
combined with the pre-Missoula gravel deposits were designated model unit 1.  Model units 2 and 3 
correspond to the early Palouse soil and Plio-Pleistocene deposits, respectively.  These units lie above the 
current water table.  The predominantly mud facies of upper Ringold unit identified by Lindsey (1995) 
was designated model unit 4.  However, a difference in the definition of model units was the lower, 
predominantly sand, portion of the upper Ringold unit described in Lindsey (1995) was grouped with 
model unit 5 that also includes Ringold gravel/sand units E and C.  This action was taken because the 
predominantly sand portion of the upper Ringold is expected to have hydraulic properties similar to units 
E and C.  The lower mud unit identified by Lindsey (1995) was designated units 6 and 8.  Where they 
exist, the gravel and sand units B and D, found within the lower Ringold, were designated model unit 7.  
Gravels of Ringold unit A were designated unit 9 for the model, and the underlying basalt was designated 
model unit 10.  However, the basalt was assigned a very low hydraulic conductivity and was essentially 
impermeable in the model. 
 

Table G.7.  Major Hydrogeologic Units Used in the Sitewide Three-Dimensional Model 
 

Unit 
Number Hydrogeologic Unit Lithologic Description 

1 Hanford Formation Fluvial gravels and coarse sands 
2 Palouse Soils Fine-grained sediments and eolian silts 
3 Plio-Pleistocene Unit Buried soil horizon containing caliche and 

basaltic gravels 
4 Upper Ringold Formation Fine-grained fluvial/lacustrine sediments 
5 Middle Ringold (Unit E and C) Semi-indurated coarse-grained fluvial 

sediments 
6 Middle Ringold (Lower Ringold Mud) Fine-grained sediments with some interbedded 

coarse-grained sediments 
7 Middle Ringold (Unit B and D) Coarse-grained sediments 
8 Lower Mud Sequence (Lower Ringold 

and part of Basal Ringold Muds) 
Lower blue or green clay or mud sequence 

9 Basal Ringold (Unit A) Fluvial sand and gravel 
10 Columbia River Basalt Basalt 
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Figure G.3.  Comparison of Generalized Hydrogeologic and Geologic Stratigraphy 

 

Draft HSW EIS April 2002 G.26 



 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

 The lateral extent and thickness distribution of each hydrogeologic unit were defined based on 
information from driller’s well logs, geologist’s logs, geophysical logs, and an understanding of the 
geologic environment.  These interpreted areal distributions and thicknesses were then integrated into 
EarthVision (Dynamic Graphics, Inc., Alameda, California), a three-dimensional, visualization, 
software package that was used to construct a database of the three-dimensional hydrogeologic 
framework. 
 
 Recharge and Flow System Boundary Conditions 
 
 The past development of the sitewide model considered both natural and artificial recharge to the 
aquifer.  Natural recharge to the unconfined aquifer system occurs from infiltration of 1) runoff from 
elevated regions along the western boundary of the Hanford Site; 2) spring discharges originating from 
the basalt-confined aquifer system, also along the western boundary; and 3) precipitation falling across 
the site.  Some recharge also occurs along the Yakima River in the southern portion of the site.  Natural 
recharge from runoff and irrigation in the Cold Creek and Dry Creek Valleys, upgradient of the site, also 
provides a source of groundwater inflow.  Natural recharge from precipitation on the site is highly 
variable, both spatially and temporally, and depends on local climate, soil type, and vegetation. 
 
 The other source of recharge to the unconfined aquifer has historically come from wastewater dis-
posal.  The large volume of artificial recharge from wastewater discharged to disposal facilities on the 
Hanford Site over the past 60 years has significantly impacted groundwater flow and contaminant trans-
port in the unconfined aquifer system.  This volume of artificial recharge decreased significantly in the 
past 10 years and the water table has been declining steadily over several years.  The unconfined aquifer 
system eventually will be expected to reach more natural conditions after site closure.  Because flow 
conditions simulated for this assessment focused on conditions that are likely to exist after Hanford Site 
closure and well into the future, the effect of past and current wastewater discharges on the unconfined 
aquifer system were not considered in this assessment. 
 
 Peripheral boundaries defined for the three-dimensional model are shown in Figure G.4, together with 
the three-dimensional flow-model grid.  The flow system is bounded by the Columbia River on the north 
and east and by the Yakima River and basalt ridges on the south and west.  The Columbia River repre-
sents a point of regional discharge for the unconfined aquifer system.  The amount of groundwater dis-
charging to the river is a function of local hydraulic gradient between the groundwater elevation adjacent 
to the river and the river-stage elevation.  This hydraulic gradient is highly variable because the river 
stage is affected by releases from upstream dams.   
 
 Because of the regional-scale nature and long-time frame being considered in the current assessment, 
sitewide flow and transport modeling efforts did not attempt to consider the short-term and local-scale 
transient effects of the Columbia River system on the unconfined aquifer.  However, the long-term effect 
of the Columbia River as a regional discharge area for the unconfined aquifer system was approximated 
in the three-dimensional model with a constant-head boundary applied at the uppermost nodes of the 
model at the approximate locations of the river’s left bank and channel midpoint.  Nodes representing the 
thickness of the aquifer below the nodes representing mid-point of the river channel were treated as  
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 Figure G.4. Peripheral Boundaries Defined for the Three-Dimensional Model (taken from  

Cole et al. [1997]) 
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no-flow boundaries.  This boundary condition is used to approximate the location of the groundwater 
divide that exists beneath the Columbia River where groundwater from the Hanford Site and the other 
side of the river discharge into the Columbia.  The long-term, average, river-stage elevations for the 
Columbia River implemented in the sitewide model was based on results from previous work performed 
by Walters et al. (1994) for the Columbia River with the CHARIMA river-simulation model.  The 
Yakima River was also represented as a specified-head boundary at surface nodes approximating its 
location.  Like the Columbia River, nodes representing the thickness of the aquifer below the Yakima 
River channel were treated as no-flow boundaries. Short-term fluctuations in the river levels do not 
influence modeling results. 
 
 At Cold Creek and Dry Creek Valleys, the unconfined aquifer system extends westward beyond the 
boundary of the model.  To approximate the groundwater flux entering the modeled area from these val-
leys, both constant-head and constant-flux boundary conditions were defined.  A constant-head boundary 
condition was specified for Cold Creek Valley for the steady-state model calibration runs.  The fluxes 
resulting from the specified head boundaries in the calibrated steady-state model were then used in the 
steady state flow simulation of flow conditions after Hanford Site closure.  The constant-flux boundary 
was used because it better represents the response of the boundary to a declining water table than does a 
constant-head boundary.  Discharges from Dry Creek Valley in the model area, resulting from infiltration 
of precipitation and spring discharges, are approximated using the same methods. 
 
 The basalt underlying the unconfined aquifer sediments represents a lower boundary to the uncon-
fined aquifer system.  The potential for interflow (recharge and discharge) between the basalt-confined 
aquifer system and the unconfined aquifer system is largely unquantified but is postulated to be small 
relative to the other flow components estimated for the unconfined aquifer system.  Therefore, interflow 
with underlying basalt units was not included in the current three-dimensional model.  The basalt was 
defined in the model as an essentially impermeable unit underlying the sediments. 
 

G.1.3.1.2 Flow and Transport Properties  
 
 To model groundwater flow, the distribution of hydraulic properties, including both horizontal and 
vertical hydraulic conductivity, storativity, and specific yield, were needed for each hydrogeologic unit 
defined in the model.  In addition, to simulate movement of contaminant plumes, transport properties 
were needed, including contaminant-specific distribution coefficients, bulk density, effective porosity, 
and longitudinal and transverse dispersivities. 
 
 In the original model calibration procedure described in Wurstner et al. (1995), measured values of 
aquifer transmissivity were used in a two-dimensional model with an inverse model-calibration procedure 
to determine the transmissivity distribution.  Hydraulic head conditions for 1979 were used in the inverse 
calibration because measured hydraulic heads were relatively stable at that time.  Details concerning the 
updated calibration of the two-dimensional model are provided in Cole et al. (1997).  The resulting 
transmissivity distribution for the unconfined aquifer system is shown in Figure G.5. 
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 Figure G.5. Transmissivity Distribution for the Unconfined Aquifer System Based on 

Two-Dimensional Inverse Model Calibration (after Wurstner et al. 1995) 
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 Hydraulic conductivities were assigned to the three-dimensional model units so that the total aquifer 
transmissivity from inverse calibration was preserved at every location.  The vertical distribution of 
hydraulic conductivity at each spatial location was determined, based on the transmissivity value and 
other information, including facies descriptions and hydraulic property values measured for similar facies.  
A complete description of the seven-step process used to vertically distribute the transmissivity among the 
model hydrogeologic units is described in Cole et al. (1997). 
 
 Information on transport properties used in past modeling studies at the Hanford Site is provided in 
Wurstner et al. (1995).  Estimates of model parameters were developed to account for contaminant 
dispersion and adsorption in all transport simulations.  Specific model parameters examined included 
longitudinal and transverse dispersivity (Dl and Dt) and contaminant retardation factors (Rf).  Calculation 
of effective Rf required estimates of contaminant-specific distribution coefficients, as well as estimates of 
effective bulk density and porosity of the aquifer materials.  The remainder of this section briefly 
summarizes estimated transport properties. 
 
 For this analysis, a longitudinal dispersivity of 90 m was selected to be within the range of recom-
mended grid Peclet numbers (Pe < 4) for acceptable solutions.  The 90-m estimate is about one-quarter of 
the grid spacing in the finest part of the model grid in the 200 Area Plateau where the smallest grid spac-
ing is on the order of about 375 m by 375 m (1230 by 1230 ft).  The effective transverse dispersivity was 
assumed to be one-tenth of the longitudinal dispersivity.  Therefore, 9 m (29.5 ft) was used in all 
simulations. 
 
 In addition to the estimated distribution coefficient, calculation of contaminant-specific retardation 
factors used in the model requires estimates of the effective bulk density and porosity.  For purposes of 
these calculations, a bulk density of 1.9 g/cm3 was used for all simulations.  The effective porosity was 
estimated from specific yields obtained from multiple-well aquifer tests.  These values range from 0.01 to 
0.37.  Laboratory measurements of porosity that range from 0.19 to 0.41, were available for samples from 
a few Hanford Site wells and were also considered.  The few tracer tests conducted indicate effective 
porosities ranging from 0.1 to 0.25.  Within the model, a porosity value of 0.1 was used for the Ringold 
Formation (model units 4 through 9) and a porosity value of 0.25 was used for the Hanford formation 
(model unit 1).  For the expected lower water-table conditions during post-Hanford period, the Early 
Palouse and Plio-Pleistocene hydrogeologic units (units 2 and 3 described within the hydrogeologic 
framework in Section G.1.3.1.1) only existed above the projected water table and were not considered in 
the analysis.  Values of distribution coefficient, bulk density, effective porosity, and dispersivity used in 
this analysis are discussed in more detail in Cole et al. (1997). 
 

G.1.3.2 Simulation of Post-Closure Flow Conditions 
 
 Past projections of water-table conditions after Site closure have estimated the impact of Hanford 
operations ceasing and the resulting changes in artificial discharges that have been used extensively as a 
part of Site waste management practices.  Simulations of transient-flow conditions from 1996 through the 
year 4000 were conducted by Cole et al. (1997).  The three-dimensional model shows an overall decline 
in the hydraulic head and hydraulic gradient across the entire water table within the modeled region.  
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Results of these simulations suggest that the water table would reach steady state between 100 to 
350 years in different areas over the Hanford Site. 
 
 Flow modeling results also suggest that as water levels drop in the vicinity of central areas in the 
model where the basalt crops out above the water table, the saturated thickness of the unconfined aquifer 
greatly decreases and the aquifer may actually dry out.  This thinning/drying of the aquifer is predicted to 
occur in the area between Gable Butte and the outcrop south of Gable Mountain, resulting in the northern 
area of the unconfined aquifer becoming hydrologically separated from the area south of Gable Mountain 
and Gable Butte.  Therefore, flow from the 200 West Area and the northern half of the 200 East Area, that 
currently migrates through the gap between Gable Butte and Gable Mountain, will be effectively cut off 
in the next 200 to 300 years.  In time, the overall water table (including groundwater mounds near the 
200 East and West Areas) will decline, and groundwater movement from the 200 Area Plateau will shift 
to a dominantly west-to-easterly pattern of flow toward points of discharge along the Columbia River 
between the Old Hanford Townsite and the Energy Northwest facility. 
 
 Given the expected long delay of contaminants reaching the water from the LLBGs, the hydrologic 
framework of all groundwater transport calculations was based on postulated post-closure steady-state 
water table as estimated with the three-dimensional model.  These conditions would only reflect estimated 
boundary condition fluxes (e.g., natural recharge and lateral boundary fluxes) and not the effect of past 
and current wastewater discharges on the unconfined aquifer system.  The predicted water table for these 
post-closure steady-state conditions is illustrated in Figure G.6.  The overall flow attributes of this water 
table surface are consistent with the previously simulated flow patterns described previously.  In the 
200 East Area, the maximum change in head is realized in the area of a current groundwater mound 
where the water table drops between 4 and 6 m.  In the 200 West Area, model results indicate a maximum 
drop in the water table of about 11 m during this same period. 
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EAR 2651 000000Figure G.6.  Predicted Post-Closure Water-Table Conditions EAR 3101EAR 3101
 

G.1.3.3 Simulation of Unit Releases 
 
 To allow groundwater transport calculations to be used in the convolution integral approach for linear 
superposition, a unit release was simulated with the three-dimensional model and the estimated post-
closure steady-state water table condition.  Example results of simulated groundwater concentrations in 
response to a unit release of a long-lived, mobile (non-sorbing) contaminant (e.g., iodine-129 simulated 
with a Kd = 0 ml/g) over a period of 10 years from LLBGs in 200 West and 200 East Areas are illustrated 
in Figures G.7 and G.8, respectively.  Results of these calculations show that peak concentrations of long-
lived mobile contaminants (like Tc-99 or I-129) released in 200 West Area would migrate over a period 
of 400 to 600 years before reaching the Columbia River in vicinity of the Old Hanford Townsite.  Peak 
concentrations of such mobile contaminants introduced at the water table beneath LLBGs in 200 East 
Area would migrate only about 100 to 200 years before reaching the Columbia near the Old Hanford 
Townsite.  The specific calculations presented here were used to evaluate groundwater transport of 
contaminants in Group 1 (tehnetium-99 and todine-129) LLBGs containing Pre-1970 and 1970-1988 
waste.  Similar calculations were made to evaluate groundwater transport of the same Group 1 
contaminants and for contaminants in Group 2 (carbon-14 and uranium isotopes) for other waste category 
locations in the overall convolution approach. 
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A) 100 Years After Release 

 
Figure G.7. Simulated Transport of a 10-Year Unit Release (1 Curie per yr) of a Contaminant 

Representative of Group 1(a) from Previously Disposed Waste in 200 West Area at A) 
100 Years, B) 300 Years, C) 500 Years, and D) 700 Years 

 
(a) Iodine-129 was used in this example.  Iodine-129 has a 16-million-year half-life and with an assumed 

distribution coefficient of 0 mL/g, it represents a good example of a unit release of an unretarded 
long-lived contaminant. 
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B) 300 Years After Release 

 
Figure G.7.  (contd) 
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C) 500 Years After Release 

 
Figure G.7.  (contd) 
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D) 700 Years After Release 

 
Figure G.7.  (contd) 
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A) 50 Years After Release  
 

Figure G.8.  Simulated Transport of a 10-Year Unit Release (1 Curie per yr) of Iodine-129(a) from 
Previously Disposed Waste in 200 East Area at A) 50 Years, B) 150 Years, and C) 
250 Years 

 

 
(a) Iodine-129 was used in this example.  Iodine-129 has a 16-million-year half-life and with an assumed 

distribution coefficient of 0 mL/g, it represents a good example of a unit release of an unretarded 
long-lived contaminant. 
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Figure G.8. (contd) 
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C) 250 Years After Release 
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Figure G.8.  (contd) 

 
G.2 Water Quality Impact Results 
 
 Potential impacts on groundwater are provided in the following sections as peak concentrations of 
contaminants in well water and the time of occurrence.  The alternatives, waste types, and disposal 
conditions are briefly stated to establish the framework for comparing the results. 
 
G.2.1 Alternative 1 

 Waste considered in Alternative 1 includes wastes to be disposed of in five categories:  1) Pre-1970 
Waste, 2) waste buried after 1970 but before 1988, 3) Cat 1, LLW 4) Cat 3 and GTC3 LLW, and 
5) MLLW disposed after 1988.  Contaminants considered in the first four waste categories include 
estimated inventories associated with lower bound and upper bound waste volumes of 139,000 m3 
(187,650 yd3) and 338,000 m3 (456,300 yd3) of LLW, respectively.  Contaminants considered in the 
MLLW Category include estimated inventories associated with lower bound and upper bound waste 
volumes of 69,000 m3 (93,150 yd3) and 209,000 m3 (282,150 yd3) of MLLW, respectively. 
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 This part of the analysis focuses on three types of waste.  They include previously buried waste 
emplaced in the LLBGs prior to 1970 (pre-1970 waste) and between 1970 and 1988 (1970-1988 waste).  
The analysis also includes Cat 1 LLW emplaced since 1988 and forecasted to be emplaced in the future in 
200 East and 200 West Area.  New trenches would be constructed for the future generated LLW. 
 
 Assumptions for analysis of these wastes follow.  Unless otherwise noted, these assumptions apply to 
each of the waste categories discussed in this section. 
 

• All wastes would be buried by 2046.  Current estimates of inventories decayed to conditions at clo-
sure are available for release at the beginning of the release period (e.g., 2046).  At the beginning of 
the analysis period, all contaminants are assumed to be available for transport via infiltrating precipi-
tation to the vadose zone and for eventual arrival at groundwater.  This assumption is considered con-
servative because the actual release would likely occur spanning a number of decades from initial 
disposal of waste in LLBGs to final burial of all wastes in 2046. 

 
• Source-term release for these wastes was estimated using the soil-debris release model.  In this model, 

the waste itself is assumed to have the same hydraulic characteristics of the surrounding soil materi-
als.  The radionuclide inventory in the waste is assumed to be immediately available for leaching and 
would be leached out of the waste burial facility at the assumed infiltration rate.  A specific case of 
leaching was used to estimate the release of uranium from these wastes.  For uranium, the release was 
controlled at a solubility limit of 0.2 g/L.  This figure corresponds to a recent estimate of solubility 
limits of uranium for Hanford groundwater documented in Buck et al. (1996).   

 
• The infiltration rate used in the release was assumed to be 0.05 cm/yr to reflect the effective recharge 

through the assumed RCRA Subtitle C barrier placed over all the LLBGs.  The cover system may, in 
fact, perform at a much higher level and yield significantly lower infiltration ranging from 0.05 to 
0.01 cm/yr. 

 
• The infiltration rate used in the overall travel time for flow and transport was assumed to be 0.5 cm/yr 

to reflect natural recharge in the surrounding environment of naturally vegetated surface soil condi-
tions.  Vadose simulation results based on this assumed infiltration rate indicated a travel time to the 
water table of about 500 years in the 200 East Area and 900 years in the 200 West Area. 

 
• Depth of the waste was assumed to be 6 m (20 ft) for disposal in existing design trenches 18 m (59 ft) 

for the enhanced design trenches.  (Note:  Some of the new LLW will probably be sent to existing 
trenches until they are filled.) 

 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.8a, G.8b, G.9a, and G9b.  Peak concentration of all constituents 
would reach the 1-km (0.62-mi) well in the 200 East Area and the 200 West Area about 700 and 1300 yr 
after start of release, respectively.  The longer average time to arrival for source areas in the 200 West 
Area is consistent with the thicker vadose zone and the occurrence of the lower permeability Ringold 
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Formation above the water table in the 200 West Area.  Peak concentrations of all isotopes are estimated 
to reach the hypothetical well located near the Columbia River from the 200 East Area and the 200 West 
Area within about 900 and 1700 yr after start of release, respectively. 
 
 For Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 and 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well within the 
10,000 period just before and at 10,000 years.  Peak values would reach the well near the river in the 
10,000 to 11,000 year period. 
 
 Contaminants in this category originating from 200 West sources do not reach the aquifer within 
10,000 years and would not be expected to reach their peaks at the 1-km (0.62-mi) well until 13,000 to 
15,000 years.  The longer average time to arrival for source areas in the 200 West Area is consistent with 
the thicker vadose zone and the occurrence of the lower permeability Ringold Formation above the water 
table in the 200 West Area. 
 
 For Group 3, the vadose simulation estimates earliest contaminant arrival at groundwater at the 
200 East Area and 200 West Area LLBG locations between 30,000 and 45,000 yr after the start of source 
term release.  Because estimated travel times are beyond 10,000- year analysis period used in the HSW 
EIS to calculate doses for comparison of alternatives, no simulation results were reported for this group. 
 
 For Groups 4 and 5, first arrival from LLBGs in both areas also would occur well beyond the 
10,000-year period of analysis.  Using an infiltration rate of 0.5 cm/yr, vadose zone travel times for 
Group 4 contaminants in the 200 East and 200 West Area LLBGs are estimated to range from 260,000 to 
380,000 years, respectively.  For Group 5, the range would be between 8 and 11 million years.  Again, 
because 10,000 years is the analysis period used in the HSW EIS to calculate doses for comparison of 
alternatives, no simulation results were reported for these groups. 
 
 For previously buried waste, predicted levels of all Group 1 and 2 contaminants of concern at a hypo-
thetical 1-km (0.62-mi) observation well were below Environmental Protection Agency (EPA) Drinking 
Water Standards (DWSs) for both lower and upper bound LLW volumes.  No uranium or carbon-14 was 
estimated to reach the water table from buried waste in the 200 West Area within the period of analysis.  
The contaminant of concern that came closest to the applicable standard was iodine-129 in pre-1970 
buried waste, which was approximately 75% of the standard at the 1 km (0.62-mi) well.  Down gradient 
of the buried waste sites, concentration levels at 1-km (0.62 mi) from 200 East and West Area decline by 
factors 5 and 35, respectively, by the time they reach a hypothetical well near the river. 
 
 For future Cat 1 LLW, concentrations of all contaminants of concern at the 1-km (0.62 mi) well were 
estimated to be well below their respective standards. 
 
 The effect of groundwater impacted by releases from previously buried waste and the Cat 1 LLW for 
this alternative on water quality in the Columbia River would be indistinguishable from current back-
ground levels of contaminants.  Predicted discharges into the Columbia River in areas where affected 
groundwater would discharge are on the order of a few tenths of a m3/s.  Concentration levels in the 
Columbia River after groundwater discharges of this magnitude are introduced and mixed with the annual 
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total river flow (at 3300 m3/s) would be significantly diluted.  Maximum concentrations in river water at 
the City of Richland water supply intakes would be at least 4 to 5 orders of magnitude less than current 
maximum levels predicted in groundwater at a well near the Old Hanford Townsite. 
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G.2.1.2 Cat 3 LLW 

 
 This part of the analysis focuses on newly generated Cat 3 LLW that would be buried in the 200 West 
Area.  The Cat 3 LLW Category includes LLW emplaced since 1988 and LLW forecasted to be emplaced 
in the future.  New trenches would be constructed for these newly generated LLW. 
 

• Because all LLW in this category is buried in HICs constructed of concrete or grouted in trench, the 
release calculations considered a 300-yr period of delay in release (expected lifetime of an individual 
HIC).  Following the delay, source-term release of carbon-14 and iodine-129 was estimated using the 
soil-debris release model with an assumed delay in release to account for containment of the LLW in 
either HIC or disposed by in-trench grouting.  In this model, the inventory in the LLW was assumed 
to be immediately available for leaching.  The exception to this approach was technetium-99 LLW 
and uranium LLW.  The technetium-99 LLW was assumed to be disposed within the HIC in a 
macroencapsulated grout form, and the release of technetium-99 was assumed to be controlled by 
diffusion through the grout.   

 
• The leaching of uranium, because of the presence of cement, was controlled at an assumed solubility 

limit of 2.4E-04 g/L.  This solubility limit reflects a conservative estimate of uranium solubility in the 
presence of LLW in a cementitious environment at Hanford estimated by Wood et al. (1996) for 
LLW in 200 West Area 

 
• Cat 3 LLW in LLBG is assumed to be disposed in the LLBG 218-W-5 in 200 West Area. 

 
• The infiltration rate used in the release was assumed to be 0.05 cm/yr to reflect the effective recharge 

from the assumed RCRA Subtitle C barrier over the Cat 3 LLW trenches for this alternative.  The 
cover system may in fact perform at a much higher level and yield significantly lower infiltration 
ranging from 0.05 to 0.01 cm/yr.   

 
• Depth of the waste was assumed to be 18 m (59 ft) for enhanced design trenches.  (Note:  Some of the 

new LLW will probably be sent to existing trenches until they are filled.) 
 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.8a, G.8b, G.9a, and G.9b.  Peak concentration of all group 1 
isotopes would reach the 1-km (0.62-mi) well in the 200 West Area within 1300 yr after start of release.  
Peak concentration of technetium-99 would reach the well located near the Columbia River in the 
200 West Area at 2200 yr after start of release.   
 
 Group 2 contaminant concentrations from 200 West sources do not reach the aquifer within the 
10,000-year period of analysis.  
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Table G.8a.  Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well 1 km (0.62 mi) from Waste Site – Alternative 1 (lower bound volume)  

1 
2 
3  

Location 
Inventory 

(Ci) 
Applicable 

DWSs  (a)

Max. Conc. 
(pCi/L) Within 

10,000 yr 
Max. Conc. (µg/L) 
Within 10,000 yr 

Time of Max. 
Conc. - Years 
After 2046  (b)

Pre-1970 Waste  
200 East      

 C-14 0.0 2000 -- -- 
 Tc-99 0.8 900 3.29E+00 710 

  I-129 2.E-03 1 7.94E-03 710 
 U-234 1.3 30 1.40E-02 10000 
 U-235 4.E-02 30 4.23E-04 10000 
 U-236 3.E-02 30 4.23E-04 10000 
 U-238 0.9 30 1.02E-02 10000 

200 West      
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 7.90E+00  1300 
  I-129 0.1 1 7.69E-01  1300 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East      

 

Radio-
nuclide 

 
 
 
 

2.26E-06 
1.97E-04 
6.66E-06 
3.06E-02 

 

 
C-14 218.5 2000 1.48E+01  10000 

 Tc-99 0.0 900 --  -- 
  I-129 8.E-03 1 3.12E-02  710 

 U-234 11.2 30 5.60E-02 9.05E-06 10000 
 U-235 0.8 30 4.14E-03 1.93E-03 10000 
 U-236 0.6 30 2.85E-03 4.50E-05 10000 
 U-238 20.4 30 1.02E-01 3.06E-01 10000 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 1.39E+02  1300 
 I-129 4.E-02 1 3.98E-01  1300 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 West       

 C-14 7.3 2000 0.00E+00  >10000 
 Tc-99 1.4 900 4.57E+00  1500 

  I-129 7.E-08 1 2.34E-07  1500 
4 
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Table G.8a.  (contd) 1 
2  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Cat 3 LLW 
200 West       

 C-14 0.9 2000 0.00E+00  >10000 
 Grouted Tc-99 401.0 900 1.88E+00  2710 
 I-129 9.E-04 1 2.76E-03  1500 
 U-234 791.0 30 0.00E+00 0.00E+00 >10000 
 U-235 5.5 30 0.00E+00 0.00E+00 >10000 
 U-236 102.0 30 0.00E+00 0.00E+00 >10000 
 U-238 1270.0 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 East (Enhanced Trench)     

 C-14 1.9 2000 7.41E-02  10000 
 Tc-99 10.7 900 1.23E+01  740 
 Grouted Tc-99 32.3 900 4.73E-02  1280 
 I-129 5.E-02 1 5.20E-02  740 
 U-234 7.0 30 1.95E-01 3.15E-05 10000 
 U-235 0.1 30 3.10E-03 1.45E-03 10000 
 U-236 0.1 30 3.65E-03 5.75E-05 10000 
 U-238 1.3 30 3.51E-02 1.05E-01 10000 

200 East (Melter Trench)     
 C-14 0.0 2000 --  -- 
 Grouted Tc-99 38.8 900 5.68E-02  1280 
 I-129 0.0 1 --  -- 
 U-234 0.9 30 7.10E-05 1.15E-08 10000 
 U-235 4.E-02 30 2.95E-06 1.38E-06 10000 
 U-236 3.E-02 30 2.47E-06 3.90E-08 10000 
 U-238 0.8 30 6.31E-05 1.89E-04 10000 

200 West (Trench 31 and 34)     
 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 2.54E+02  1190 
 Grouted Tc-99 85.9 900 4.03E-01  2710 
 I-129 0.1 1 1.08E+00  1190 
 U-234 18.6 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be compared 

to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 
 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 

 3 
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Table G.8b. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well Along Columbia River – Alternative 1 (lower bound volume) 

1 
2 
3  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Pre-1970 Waste 
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 5.93E-01  930 

  I-129 2.E-03 1 1.43E-03  930 
 U-234 1.3 30 2.72E-04 4.40E-08 10000 
 U-235 4.E-02 30 8.24E-06 3.84E-06 10000 
 U-236 3.E-02 30 8.24E-06 1.30E-07 10000 
 U-238 0.9 30 1.99E-04 5.97E-04 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 2.21E-01  1690.0 
  I-129 0.1 1 2.15E-02  1690.0 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 3.89E-01  10000.0 
 Tc-99 0.0 900 --  -- 

  I-129 8.E-03 1 5.64E-03  930.0 
 U-234 11.2 30 1.09E-03 1.76E-07 10000.0 
 U-235 0.8 30 8.06E-05 3.76E-05 10000.0 
 U-236 0.6 30 5.56E-05 8.77E-07 10000.0 
 U-238 20.4 30 1.99E-03 5.97E-03 10000.0 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 3.87E+00  1690.0 
 I-129 4.E-02 1 1.11E-02  1690.0 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 West       

 C-14 7.3 2000 0.00E+00  >10000 
 Tc-99 1.4 900 1.98E-01  2220 

  I-129 7.E-08 1 1.01E-08  2220 
4 
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Table G.8b.  (contd) 1 
2  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Cat 3 LLW 
200 West       

 C-14 0.9 2000 0.00E+00  >10000 
 Grouted 

Tc-99 
401.0 900 8.88E-02  2710.0 

 I-129 9.E-04 1 1.19E-04  2.E+03 
 U-234 791.0 30 0.00E+00 0.00E+00 >10000 
 U-235 5.5 30 0.00E+00 0.00E+00 >10000 
 U-236 102.0 30 0.00E+00 0.00E+00 >10000 
 U-238 1270.0 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 East (Enhanced Trench)    

 C-14 1.9 2000 1.48E-03  10000 
 Tc-99 10.7 900 2.07E+00  1050 
 Grouted 

Tc-99 
32.3 900 2.17E-03  1290 

 I-129 5.E-02 1 8.76E-03  1050 
 U-234 7.0 30 3.46E-03 5.59E-07 10000 
 U-235 0.1 30 5.50E-05 2.57E-05 10000 
 U-236 0.1 30 6.48E-05 1.02E-06 10000 
 U-238 1.3 30 6.23E-04 1.87E-03 10000 

200 East (Melter Trench)     
 C-14 0.0 2000 --  -- 
 Grouted 

Tc-99 
38.8 900 2.61E-03  1290 

 U-234 0.9 30 1.39E-06 2.24E-10 10000 
 U-235 4.E-02 30 5.76E-08 2.69E-08 10000 
 U-236 3.E-02 30 4.82E-08 7.61E-10 10000 
 U-238 0.8 30 1.23E-06 3.69E-06 10000 

200 West       
 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 8.26E+00  1790.0 
 Grouted 

Tc-99 
85.9 900 1.90E-02  2710.0 

 I-129 0.1 1 3.49E-02  1790.0 
 U-234 18.6 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be 

compared to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 
 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 
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 For Groups 3, 4, and 5, first arrival would occur well beyond the 10,000-year period of analysis at 
both well locations.  For this reason, no simulation results were reported for these groups. 
 
 Predicted levels of all contaminants of concern at a hypothetical 1-km (0.62-mi) observation well 
down gradient from these LLW were far below existing DWSs for both lower and upper bound volumes.  
No uranium or carbon-14 was estimated to reach the water table from Cat 3 LLW in the 200 West Area 
within the period of analysis.  When contaminated groundwater originating from 200 West Area reaches 
the hypothetical well along the Columbia River, concentration levels decline by factor of about 20. 
 
 As in the case of the other waste considered in this alternative, the effect of groundwater impacted by 
releases from Cat 3 LLW on water quality in the Columbia River would be indistinguishable from current 
background levels of contaminants. 
 

G.2.1.3 MLLW 
 
 This part of the analysis focuses on newly generated MLLW that will be buried in the 200 East Area 
and the 200 West Area.  This MLLW Category includes MLLW emplaced since 1988 and waste fore-
casted to be emplaced in the future.  Trenches 31 and 34 in LLBG 218-W-5 in the 200 West Area have 
been constructed specifically for disposal of this newly generated MLLW.  MLLW in excess of the 
capacity of these trenches is assumed to be disposed in newly constructed MLLW trenches in LLBG 
218-E-12B in 200 East Area.  A new disposal trench will also be constructed in LLBG 218-E-12B in 
200 East Area to accommodate disposal of failed melters from onsite tank waste vitrification. 
 
 Key assumptions for analysis of these MLLW are as follows: 
 

• Source-term releases of carbon-14, technetium-99, and iodine-129 were estimated using the soil-
debris release model.  In this model, the MLLW is assumed to take on the hydraulic characteristics of 
the surrounding soil materials.  The inventory in the MLLW is believed to be immediately available 
for leaching and would be leached out of the waste at the assumed infiltration rate.  As was done for 
the previously buried and future Cat 1 LLW, the leaching of uranium was controlled at an assumed 
solubility limit of 0.2 g/L.  Justification for this approach is provided in this appendix. 

 
• Some of the MLLW similar to Cat 3 LLW will be disposed of in a grout matrix.  The release of 

technetium-99 within this grout MLLW form was assumed to be controlled by the process of 
diffusion.  A total of 157 and 520 Ci of technetium-99 MLLW disposed of in a matrix macro-
encapsulated grout for the lower and upper MLLW volumes, respectively 

 
• The infiltration rate used in the release was assumed to be 0.05 cm/yr to reflect the effective recharge 

from the assumed RCRA Subtitle C barrier over the MLLW trenches for this alternative.  The cover 
system may in fact perform at a much higher level and yield significantly lower infiltration ranging 
from 0.05 to 0.01 cm/yr. 

 
• Depth of the MLLW disposed in 200 West Area in trench 31 and 34 within LLBG 218-W-5 is 6 m 

(~20 ft).  Depth of the MLLW disposed in 200 East Area in the enhanced trench within LLBG 
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218-E-12B was assumed to 18 m (59 ft).  Depth of the MLLW disposed in 200 East Area in the failed 
melter trench within LLBG 218-E-12B was assumed to 21 m (59 ft). 

 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.8a, G.8b, G.9a, and G.9b.  Peak concentration for these constituents 
would reach the 1-km (0.62-mi) well in 740 yr within the 200 East Area and 1200 yr within the 200 West 
Area after start of release, respectively.  These differences in peak arrival times reflect the larger vadose 
zone thickness and the existence of low permeability Ringold Formation sediments above the water in 
200 West Area.  Peak concentration would reach the well located near the Columbia River within 1000 yr 
from the 200 East Area and within 1800 yr from the 200 West Area after start of release, respectively. 
 
 For the Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 
and uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and 
at 10,000 years.  Contaminants in this category originating from 200 West sources do not reach the 
aquifer within 10,000 years. 
 
 For the Groups 3, 4, and 5, first arrival would occur well beyond the 10,000-year period of analysis in 
all areas.  For this reason, no simulation results were reported for these groups. 
 
 For assumed MLLW inventories in this alternative, predicted levels of most contaminants of concern 
at a hypothetical 1-km (0.62-mi) observation well down gradient from these MLLW were far below 
existing DWSs for both lower and upper bound MLLW volumes.  Concentration of iodine-129 at the 
1 km (0.62-mi) well from MLLW in 200 West Area was estimated to be 10 percent above the 1 pCi/L 
standard.  No uranium or carbon-14 was estimated to reach the water table from MLLW in the 200 West 
Area within the period of analysis.  When contaminated groundwater originating from MLLW in the 
200 West Area reaches the hypothetical well along the Columbia River, concentration levels of 
constituents were estimated to be well below existing DWSs.  Concentration levels at 1-km (0.62-mi) in 
the 200 East and 200 West Areas decline by factors of about 6 and 30, when they reach the hypothetical 
well along the Columbia River. 
 
 As in the case of the other wastes considered in this alternative, the effect of groundwater impacted 
by releases from MLLW on water quality in the Columbia River would be indistinguishable from current 
background levels of contaminants. 
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Table G.9a. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well 1 km (0.62 mi) from Waste Site – Alternative1 (upper bound volume)  

1 
2 
3  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b)

Pre-1970 Waste 
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 3.29E+00  710 

  I-129 2.E-03 1 7.94E-03  710 
 U-234 1.3 30 1.40E-02 2.26E-06 10000 
 U-235 4.E-02 30 4.23E-04 1.97E-04 10000 
 U-236 3.E-02 30 4.23E-04 6.66E-06 10000 
 U-238 0.9 30 1.02E-02 3.06E-02 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 7.90E+00  1300 
  I-129 0.1 1 7.69E-01  1300 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 1.48E+01  10000 
 Tc-99 0.0 900 --  -- 

  I-129 8.E-03 1 3.12E-02  710 
 U-234 11.2 30 5.60E-02 9.05E-06 10000 
 U-235 0.8 30 4.14E-03 1.93E-03 10000 
 U-236 0.6 30 2.85E-03 4.50E-05 10000 
 U-238 20.4 30 1.02E-01 3.06E-01 10000 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 1.39E+02  1300 
 I-129 0.044 1 3.98E-01  1300 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 West       

 C-14 7.3 2000 0.00E+00  >10000 
 Tc-99 1.4 900 4.57E+00  1500 

  I-129 7.E-08 1 2.34E-07  1500 
4 
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Table G.9a.  (contd) 1 
2  

Location 
Radio- 
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b)

Cat 3 LLW 
200 West       

 C-14 145.0 2000 0.00E+00  >10000 
 Grouted Tc-99 405.0 900 1.90E+00  2710 
 I-129 8.5E-04 1 2.76E-03  1500 
 U-234 878.0 30 0.00E+00 0.00E+00 >10000 
 U-235 28.2 30 0.00E+00 0.00E+00 >10000 
 U-236 102.0 30 0.00E+00 0.00E+00 >10000 
 U-238 1410.0 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 East (Enhanced Trench)     

 C-14 4.6 2000 1.79E-01  10000 
 Tc-99 10.7 900 1.23E+01  740 
 Grouted Tc-99 395.3 900 5.79E-01  1280 
 I-129 5.E-02 1 5.20E-02  740 
 U-234 669.2 30 1.22E-01 1.97E-05 10000 
 U-235 29.6 30 5.39E-03 2.51E-03 10000 
 U-236 0.1 30 2.23E-05 3.52E-07 10000 
 U-238 694.2 30 1.26E-01 3.79E-01 10000 

200 East (Melter Trench)     
 C-14 0.0 2000 --  -- 
 Grouted Tc-99 38.8 900 5.68E-02  1280 
 I-129 0.0 1 --  -- 
 U-234 0.9 30 7.10E-05 1.15E-08 10000 
 U-235 4.E-02 30 2.95E-06 1.38E-06 10000 
 U-236 3.E-02 30 2.47E-06 3.90E-08 10000 
 U-238 0.8 30 6.31E-05 1.89E-04 10000 

200 West (Trench 31 and 34)     
 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 2.54E+02  1190 
 Grouted Tc-99 85.9 900 4.03E-01  2710 
 I-129 1.E-01 1 1.08E+00  1190 
 U-234 18.0 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be compared 

to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 

 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 
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Table G.9b. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well 1 km (0.62 mi) along Columbia River – Alternative 1 (upper bound volume)  

1 
2 
3  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of 
Max. Conc. -
Years After 

2046(b) 
Pre-1970 Waste  

200 East       
 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 5.93E-01  930 

  I-129 2.E-03 1 1.43E-03  930 
 U-234 1.3 30 2.72E-04 4.40E-08 10000 
 U-235 4.E-02 30 8.24E-06 3.84E-06 10000 
 U-236 3.E-02 30 8.24E-06 1.30E-07 10000 
 U-238 0.9 30 1.99E-04 5.97E-04 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 2.21E-01  1690 
  I-129 0.1 1 2.15E-02  1690 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 3.89E-01  10000 
 Tc-99 0.0 900 --  -- 

  I-129 8.E-03 1 5.64E-03  930 
 U-234 11.2 30 1.09E-03 1.76E-07 10000 
 U-235 0.8 30 8.06E-05 3.76E-05 10000 
 U-236 0.6 30 5.56E-05 8.77E-07 10000 
 U-238 20.4 30 1.99E-03 5.97E-03 10000 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 3.87E+00  1690 
 I-129 0.044 1 1.11E-02  1690 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 West       

 C-14 7.3 2000 0.00E+00  >10000 
 Tc-99 1.4 900 1.98E-01  2220 

  I-129 7.E-08 1 1.01E-08  2220 
4 

Draft HSW EIS April 2002 G.52 



 

Table G.9b.  (contd) 1 
2  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of 
Max. Conc. -
Years After 

2046(b) 
Cat 3 LLW 

200 West       
 C-14 145.0 2000 0.00E+00  >10000 
 Grouted Tc-99 405.0 900 8.97E-02  2710 
 I-129 8.5E-04 1 1.19E-04  2220 
 U-234 878.0 30 0.00E+00 0.00E+00 >10000 
 U-235 28.2 30 0.00E+00 0.00E+00 >10000 
 U-236 102.0 30 0.00E+00 0.00E+00 >10000 
 U-238 1410.0 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 East (Enhanced Trench)     

 C-14 4.6 2000 3.57E-03  10000 
 Tc-99 10.7 900 2.07E+00  1050 
 Grouted Tc-99 395.3 900 2.66E-02  1290 
 I-129 0.0 1 8.76E-03  1050 
 U-234 669.2 30 2.16E-03 3.49E-07 10000 
 U-235 29.6 30 9.57E-05 4.46E-05 10000 
 U-236 0.1 30 3.96E-07 6.24E-09 10000 
 U-238 694.2 30 2.24E-03 6.73E-03 10000 

200 East (Melter Trench)     
 C-14 0 2000 --  -- 
 Grouted Tc-99 38.8 900 2.61E-03  1290 
 I-129 0 1 --  -- 
 U-234 0.89 30 1.39E-06 2.24E-10 10000 
 U-235 0.037 30 5.76E-08 2.69E-08 10000 
 U-236 0.031 30 4.82E-08 7.61E-10 10000 
 U-238 0.79 30 1.23E-06 3.69E-06 10000 

200 West       
 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 8.26E+00  1790 
 Grouted Tc-99 85.9 900 1.90E-02  2710 
 I-129 1.E-01 1 3.49E-02  1790 
 U-234 18.0 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be 

compared to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 

 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 
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  In Alternative 1, TRU waste retrievably stored in trenches and caissons would be retrieved, treated, 
repackaged as necessary, processed, and shipped for final disposal at the WIPP facility.  Thus, no impacts 
to Hanford groundwater quality are expected under this alternative.  
 
G.2.2 Alternative 2 
 
 Wastes considered in Alternative 2 include waste disposed in five categories:  1) pre-1970 waste, 
2) waste buried after 1970 but before 1988, 3) future generated Cat 1 LLW, 4) future Cat 3 and GTC3 
LLW, and 5) MLLW.  As in Alternative 1, amounts of contaminants considered in the first four waste 
categories include estimated inventories associated with a lower bound and upper bound volumes of 
139,000 m3 (187,650 yd3) and 338,000 m3 (456,300 yd3) of LLW, respectively.  Amounts of contaminants 
considered in the MLLW category include estimated inventories associated with lower bound and upper 
bound waste volumes of 69,000 m3 (93,150 yd3) and 209,000 m3 (282,150 yd3) of MLLW, respectively. 
 
 The following sections describe the potential impacts of each of these five waste categories. 
 

G.2.2.1 Pre-1970 Waste, 1970-1988 Waste, and Cat 1 LLW  
 
 This part of the analysis focuses on previously buried waste in the 200 East Area and the 200 West 
Area LLBGs prior to 1970 (pre-1970 waste) and between 1970 and 1988 (1970-1988 waste).  It also 
discusses newly generated Cat 1 LLW that has been buried since 1988 and projected from present to be 
buried in the 200 East Area and the 200 West Area.  New trenches would be constructed for the newly 
generated LLW.  The same key assumptions used for release and transport analysis of previously buried 
waste and Cat 1 LLW under Alternative 1 were used for the same waste under this alternative with the 
exception that new trenches would be constructed using the current trench design.  Depth of the waste in 
this design was assumed to be 6 m (20 ft). 
 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.10a, G.10b, G.11a, and G.11b.  Peak concentrations of 
technetium-99, and iodine-129 would reach the 1-km (0.62-mi) well in the 200 East Area and the 
200 West Area within 700 and 1300 yr after start of release, respectively.  Peak concentrations of these 
isotopes would reach the well located near the Columbia River from the 200 East Area and the 200 West 
LLBG at 1300 and 2300 years after start of release, respectively.   
 
 For Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 and 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and at 
10,000 years.  Contaminants in this category originating from 200 West Area sources do not reach the 
aquifer within 10,000 years. 
 
 For Groups 3, 4, and 5, first arrival would occur well beyond the 10,000-yr period of analysis in all 
areas.  For this reason, no simulation results were reported for these groups. 
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 Predicted levels of all contaminants are the same as those predicted in the Alternative 1 for previously 
buried waste because the same inventory and release rates were used.  Predicted levels of contaminants of 
interest at a hypothetical 1-km (0.62-mi) observation well were below existing DWSs.  As in Alternative 
1, the contaminant of concern that came closest to the applicable standard was iodine-129 in pre-1970 
buried waste which was approximately 75% of the standard at the 1-km (0.62-mi) well.  Down gradient of 
the buried waste sites, estimated concentration levels of all contaminants of concern were well below 
existing DWSs, when they reach the Columbia River.  Concentration levels at 1 km (0.62-mi) from the 
200 East and 200 West Areas decline by factors of 5 and 35, respectively, by the time they reach the river. 
 
 As in the case of the future Cat 1 LLW under Alternative 1, concentrations of all contaminants of 
interest at the 1-km (0.62-mi) well were estimated to be well below their respective standards. 
 
 As in the case of the wastes considered in Alternative 1, the effect of groundwater impacted by 
releases from previously buried waste and the Cat 1 LLW on water quality in the Columbia River would 
be indistinguishable from current background levels of contaminants for this alternative. 
 

G.2.2.2 Cat 3 LLW  
 
 This part of the analysis focuses on newly generated Cat 3 LLW that will be buried in the 200 East 
Area and the 200 West Area.  New trenches would be constructed for newly generated waste.  This 
category of waste was assumed to be disposed of either in HICs or in-trench grouting.  The same key 
assumptions used for release and transport analysis of Cat 3 LLW under Alternative 1 were used for this 
alternative with the exception that new trenches will be constructed using the current trench design.  
Depth of the waste in this design was assumed to be 6 m (20 ft). 
 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.10a, G.10b, G.11a, and G.11b.  Peak concentrations of iodine-129 
would reach the 1-km (0.62-mi) well in the 200 East and West Areas within about 700 and 1400 yr after 
start of release, respectively.  Peak concentrations of the technetium-99 reach the 1-km (0.62-mi) well 
from 200 West Area within the same time frame.  The longer arrival time in the 200 West Area relative to 
those in 200 East Area is consistent with the thicker vadose zone and the occurrence of the lower 
permeability Ringold Formation below the water table in the 200 West Area.  Peak concentrations of all 
constituents in both areas would reach the well located near the Columbia River within about 800 and 
2000 years, respectively.   
 
 For Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 and 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and at 
10,000 years.  Contaminants in this category originating from 200 West Area sources do not reach the 
aquifer within 10,000 years. 
 

 G.55 Draft HSW EIS April 2002 



 

Table G.10a. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well 1 km (0.62 mi) from Waste Site – Alternative 2 (lower bound volume)  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs  (a)

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr (b)

Pre-1970 Waste 
200 East   

C-14 0.0 --  -- 
Tc-99 0.8 3.29E+00  710 

  I-129 2.E-03 7.94E-03  710 
U-234 1.3 1.40E-02 2.26E-06 10000 
U-235 4.E-02 4.23E-04 1.97E-04 10000 

 U-236 3.E-02 2.85E-04 4.49E-06 10000 
 U-238 0.9 1.02E-02 3.06E-02 10000 

200 West    
  C-14 0.0 --  -- 

 Tc-99 0.9 7.90E+00 1300 
  I-129 0.1 7.69E-01  1300 

 U-234 265.4 0.00E+00 0.00E+00 >10000 
 U-235 8.0 0.00E+00 0.00E+00 >10000 
 U-236 5.4 0.00E+00 0.00E+00 >10000 
 U-238 193.8 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East     

218.5 2000 1.48E+01 10000 
 0.0 900 0.00E+00 710 

  8.E-03 1 3.12E-02  710 
U-234 11.2 30 5.60E-02 9.05E-06 10000 
U-235 0.8 30 4.14E-03 1.93E-03 10000 
U-236 0.6 30 2.85E-03 4.50E-05 10000 

 U-238 20.4 30 1.02E-01 3.06E-01 10000 
200 West 

1 
2 
3  

Time of 
Max. Conc. -
Years After 

2046  

    
 2000 
 900 

1 
 30 
 30 

30 
30 

   
2000 
900  
1 
30 
30 
30 
30 

  
 C-14  

Tc-99  
I-129 

 
 
 

      
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 1.39E+02  1300 
 I-129 4.E-02 1 3.98E-01  1300 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 East       

 C-14 0.3 2000 2.02E-02  10000 
 Tc-99 0.1 900 1.57E-01  690 

  I-129 3.E-09 1 8.01E-09  690 
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Table G.10a.  (contd) 1 
2  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of 
Max. Conc. -
Years After 

2046(b) 
Cat 1 LLW - continued 

200 West       
 C-14 7.0 2000 0.00E+00  >10000 
 Tc-99 1.4 900 9.77E+00  1360 

  I-129 7.E-08 1 4.99E-07  1360 
Cat 3 LLW 

200 East       
 C-14 4.E-02 2000 2.63E-03  10000 
 Grouted Tc-99 15.1 900 2.21E-02  1280 
 I-129 3.E-05 1 9.46E-05  690 
 U-234 29.7 30 8.95E-06 1.45E-09 10000 
 U-235 0.2 30 6.23E-08 2.91E-08 10000 
 U-236 3.8 30 1.15E-06 1.82E-08 10000 
 U-238 47.7 30 1.15E-06 3.46E-06 10000 

200 West       
 C-14 0.9 2000 0.00E+00  >10000 
 Grouted Tc-99 385.9 900 1.81E+00  2710 
 I-129 8.E-04 1 5.89E-03  1360 
 U-234 761.3 30 0.00E+00  >10000 
 U-235 5.3 30 0.00E+00  >10000 
 U-236 98.2 30 0.00E+00  >10000 
 U-238 1222.3 30 0.00E+00  >10000 

MLLW 
200 East (Current Trench Design)     

 C-14 1.9 2000 1.46E-01  10000 
 Tc-99 10.7 900 3.11E+01  690 
 Grouted Tc-

99 
32.3 900 4.73E-02  1280 

 I-129 5.E-02 1 1.31E-01  690 
 U-234 7.0 30 5.77E-01 9.32E-05 10000 
 U-235 1.E-01 30 9.17E-03 4.28E-03 10000 
 U-236 1.E-01 30 1.08E-02 1.70E-04 10000 
 U-238 1.3 30 1.04E-01 3.12E-01 10000 

200 East (Melter Trench)     
 C-14 0.0 2000 --  -- 
 Grouted  

Tc-99 
38.8 900 5.68E-02  1280 

 I-129 0.0 1 --  -- 
 U-234 0.9 30 7.10E-05 1.15E-08 10000 
 U-235 4.E-02 30 2.95E-06 1.38E-06 10000 
 U-236 3.E-02 30 2.47E-06 3.90E-08 10000 
 U-238 0.8 30 6.31E-05 1.89E-04 10000 
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Table G.10a. (contd) 1 
2  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of 
Max. Conc. -
Years After 

2046(b) 
MLLW - continued 

200 West (Trench 31 and 34)     
 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 2.54E+02  1190 
 Grouted Tc-

99 
85.9 900 4.03E-01  2710 

 I-129 0.1 1 1.08E+00  1190 
 U-234 18.6 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be compared 

to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 
 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 

 3 
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Table G.10b. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well along Columbia River – Alternative 2 (lower bound volume) 

1 
2 
3  

Location 
Radio-
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Pre-1970 Waste 
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 5.93E-01  930 

  I-129 2.E-03 1 1.43E-03  930 
 U-234 1.3 30 2.72E-04 4.40E-08 10000 
 U-235 4.E-02 30 8.24E-06 3.84E-06 10000 
 U-236 3.E-02 30 5.56E-06 8.76E-08 10000 
 U-238 0.9 30 1.99E-04 5.97E-04 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 2.21E-01  1690 
  I-129 0.1 1 2.15E-02  1690 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 3.89E-01  10000 
 Tc-99 0.0 900 --  -- 

  I-129 8.E-03 1 5.64E-03  930 
 U-234 11.2 30 1.09E-03 1.76E-07 10000 
 U-235 0.8 30 8.06E-05 3.76E-05 10000 
 U-236 0.6 30 5.56E-05 8.77E-07 10000 
 U-238 20.4 30 1.99E-03 5.97E-03 10000 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 3.87E+00  1690 
 I-129 4.E-02 1 1.11E-02  1690 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 East       

 C-14 0.3 2000 4.42E-04  10000 
 Tc-99 0.1 900 6.69E-03  840 

  I-129 3.E-09 1 3.42E-10  840 
200 West       

 C-14 7.0 2000 0.00E+00  >10000 
 Tc-99 1.4 900 3.74E-01  1960 

  I-129 7.E-08 1 1.91E-08  1960 
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Table G.10.b.  (contd) 1 
2  

Location 
Radio- 
nuclide 

Inventory 
(Ci) 

Applicabl
e DWSs(a)

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Cat 3 LLW 
200 East       

 C-14 4.E-02 2000 5.75E-05  10000 
 Grouted Tc-99 15.1 900 1.01E-03  1290 
 I-129 3.E-05 1 4.03E-06  840 
 U-234 29.7 30 1.41E-07 2.28E-11 10000 
 U-235 0.2 30 9.82E-10 4.58E-10 10000 
 U-236 3.8 30 1.82E-08 2.87E-10 10000 
 U-238 47.7 30 1.82E-08 5.45E-08 10000 

200 West       
 C-14 0.9 2000 0.00E+00  >10000 
 Grouted Tc-99 385.9 900 8.55E-02  2710 
 I-129 8.E-04 1 2.25E-04  1960 
 U-234 761.3 30 0.00E+00 0.00E+00 

30 0.00E+00 0.00E+00 >10000 
 U-236 98.2 30 0.00E+00 0.00E+00 >10000 
 U-238 1222.3 30 0.00E+00 >10000 0.00E+00 

MLLW 
200 East (Current Trench Design) 

 C-14 1.9 2000 3.52E-03  10000 
 Tc-99 10.7 900 4.91E+00  980 
 Grouted Tc-99 32.3 900 2.17E-03  1290 
 I-129 5.E-02 1 2.08E-02  980 
 U-234 7.0 30 1.14E-02 1.84E-06 10000 
 U-235 1.E-01 30 1.81E-04 8.45E-05 10000 

U-236 1.E-01 30 2.13E-04 3.36E-06 10000 
 U-238 1.26E+00 30 2.05E-03 6.16E-03 10000 

200 East (Melter Trench)     
 C-14 0.0 2000 --  -- 
 Grouted Tc-99 38.8 900 2.61E-03  1290 
 I-129 0.0 1 --  -- 
 U-234 0.9 30 1.39E-06 2.24E-10 10000 
 U-235 4.E-02 30 5.76E-08 2.69E-08 10000 
 U-236 3.E-02 30 4.82E-08 7.61E-10 10000 
 U-238 0.8 30 1.23E-06 3.69E-06 10000 

>10000 
 U-235 5.3 

 

3 
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Table G.10.b.  (contd) 1 
2  

Location 
Radio- 
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

MLLW - continued 
200 West       

 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 8.26E+00  1790 
 Grouted Tc-99 85.9 900 1.90E-02  2710 
 I-129 0.12 1 3.49E-02  1790 
 U-234 18.6 30 0.00E+00 0.00E+00 >10000 
 U-235 0.30 30 0.00E+00 0.00E+00 >10000 
 U-236 0.35 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be 

compared to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 
 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 

 3 
 4 
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Table G.11a. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well 1 km (0.62 mi) from Waste Site – Alternative 2 (upper bound volume) 

1 
2 
3  

Location 
Radio-
nuclide Inventory (Ci)

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Pre-1970 Waste 
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 3.29E+00  710 

  I-129 2.E-03 1 7.94E-03  710 
 U-234 1.3 30 1.40E-02 2.26E-06 10000 
 U-235 4.E-02 30 4.23E-04 1.97E-04 10000 
 U-236 3.E-02 30 2.85E-04 4.49E-06 10000 
 U-238 0.9 30 1.02E-02 3.06E-02 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 7.90E+00  1300 
  I-129 0.1 1 7.69E-01  1300 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 1.48E+01  10000.0 
 Tc-99 0.0 900 0.00E+00  710 

  I-129 8.E-03 1 3.12E-02  710 
 U-234 11.2 30 5.60E-02 9.05E-06 10000.0 
 U-235 0.8 30 4.14E-03 1.93E-03 10000.0 
 U-236 0.6 30 2.85E-03 4.50E-05 10000.0 
 U-238 20.4 30 1.02E-01 3.06E-01 10000.0 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 1.39E+02  1300 
 I-129 4.E-02 1 3.98E-01  1300 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 East       

0.27 2000 2.03E-02  10000 
 Tc-99 5.E-02 900 1.57E-01  690 

  I-129 3.E-09 1 8.01E-09  690 

 C-14 

4 
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Table G.11a.  (contd) 1 
2  

Location 
Radio- 
nuclide Inventory (Ci)

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Cat 1 LLW - continued 
200 West       

 C-14 7.0 2000 0.00E+00  >10000 
 Tc-99 1.4 900 9.77E+00  1360 

  I-129 7.E-08 1 4.99E-07  1360 
Cat 3 LLW 

200 East       
 C-14 5.4 2000 1.04E+01  10000 
 Grouted Tc-99 15.2 900 5.71E-01  1280 
 I-129 3.E-05 1 2.42E-03  690 
 U-234 8.19E-04 33.0 30 1.32E-07 10000 
 U-235 30 1.1 2.63E-05 1.23E-05 10000 
 U-236 3.8 30 9.52E-05 1.50E-06 10000 
 U-238 30 53.0 1.32E-03 3.95E-03 10000 

200 West       
 C-14 1.E+02 2000 0.00E+00  >10000 
 Grouted Tc-99 389.8 900 1.90E+00  2710 
 I-129 8.E-04 1 6.12E-03  1360 
 U-234 845.0 30 0.00E+00 0.00E+00 >10000 
 U-235 27.1 30 0.00E+00 0.00E+00 >10000 
 U-236 98.2 30 0.00E+00 0.00E+00 >10000 
 U-238 1357.0 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 East (Current Trench Design)     

 C-14 4.6 2000 3.53E-01  10000 
 Tc-99 10.7 900 3.11E+01  690 
 Grouted Tc-99 395.3 900 5.79E-01  1280 

0.045 1 1.31E-01  690 
U-234 669.2 30 4.23E-01 6.83E-05 10000 

 U-235 29.6 30 1.87E-02 8.72E-03 10000 
 U-236 0.1 30 7.74E-05 1.22E-06 10000 

U-238 694.2 30 4.39E-01 1.32E+00 10000 
200 East (Melter Trench)     

 C-14 0 2000 --  -- 
 Grouted Tc-99 38.8 900 5.68E-02  1280 
 I-129 0 1 --  -- 
 U-234 0.9 30 7.10E-05 1.15E-08 10000 
 U-235 4.E-02 30 2.95E-06 1.38E-06 10000 

U-236 3.E-02 30 2.47E-06 3.90E-08 10000 
 U-238 0.8 30 6.31E-05 1.89E-04 10000 

 I-129 
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Table G.11a.  (contd) 1 
2  

Location 
Radio- 
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

MLLW - continued 
200 West (Trench 31 and 34)     

 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 2.54E+02  1190 
Grouted Tc-99 85.9 900 4.03E-01  2710 

 I-129 0.1 1 1.08E+00  1190 
 U-234 18.0 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 4.0 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be compared 

to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 
 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 

 

 3 
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Table G.11b. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well along the Columbia River – Alternative 2 (upper bound volume) 

1 
2 
3 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046

 

Location 
Radio-
nuclide Inventory (Ci)

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr (b)

Pre-1970 Waste 
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 5.93E-01  930 

  I-129 2.E-03 1 1.43E-03  930 
 U-234 1.3 30 2.72E-04 4.40E-08 10000 
 U-235 4.E-02 30 8.24E-06 3.84E-06 10000 

U-236 3.E-02 30 5.56E-06 8.76E-08 10000 
 U-238 0.9 30 1.99E-04 5.97E-04 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 2.21E-01  1690 
  I-129 0.1 1 2.15E-02  1690 

 U-234 265.4 30 0.00E+00 0.00E+00 >10000 
 U-235 8.0 30 0.00E+00 0.00E+00 >10000 
 U-236 5.4 30 0.00E+00 0.00E+00 >10000 
 U-238 193.8 30 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 3.89E-01  10000.0 
 Tc-99 0.0 900 --  -- 

  I-129 8.E-03 1 5.64E-03  930 
 U-234 11.2 30 1.09E-03 1.76E-07 10000.0 
 U-235 0.8 30 8.06E-05 3.76E-05 10000.0 
 U-236 0.6 30 5.56E-05 8.77E-07 10000.0 

U-238 30 5.97E-03 
200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 3.87E+00 1690  
 I-129 4.E-02 1 1.11E-02  1690 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 
 U-235 4.7 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 >10000 30 0.00E+00 0.00E+00 

Cat 1 LLW 
200 East       

 C-14 0.27 4.44E-04 2000  10000 
 Tc-99 5.E-02  900 6.69E-03 840 

  I-129 3.E-09 1 3.42E-10  840 
200 West       

 C-14 7.0 2000 0.00E+00  >10000 
 Tc-99 1.4 900 3.74E-01  1960 

  I-129 7.E-08 1 1.91E-08  1960 

 

 20.4 1.99E-03 10000.0 
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Table G.11b.  (contd) 1 
2  

Location 
Radio-
nuclide Inventory (Ci)

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b)

Cat 3 LLW 
200 East       

5.4 2000  10000 
 Grouted 

Tc-99 
15.2 900 2.62E-02  1290 

 I-129 3.E-05 1 1.03E-04  840 
 U-234 33.0 30 1.29E-05 2.09E-09 10000 
 U-235 1.1 30 4.15E-07 1.93E-07 

U-236 30 2.36E-08 10000 
 U-238 53.0 30 2.07E-05 6.22E-05 10000 

200 West       
 C-14 139.6 2000 0.00E+00  >10000 
 Grouted 

Tc-99 
389.8 900 8.97E-02  2710 

 I-129 8.E-04 1 2.34E-04  1960 
 U-234 845.0 30 0.00E+00 0.00E+00 >10000 
 U-235 27.1 30 0.00E+00 >10000 0.00E+00 
 U-236 98.2 30 0.00E+00 0.00E+00 >10000 
 U-238 1357.0 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 East (Current Trench Design)     

 C-14 4.6 2000 8.52E-03  10000 
 Tc-99 10.7 900 4.91E+00  980 
 Grouted 

Tc-99 
395.3 900 2.66E-02  1290 

 I-129 0.045 1 2.08E-02  980 
 U-234 669.2 30 1.21E-06 7.51E-03 10000 
 U-235 29.6 30 1.55E-04 10000 3.32E-04 
 U-236 0.1 30 2.17E-08 10000 1.37E-06 
 U-238 694.2 30 2.34E-02 7.79E-03 10000 

200 East (Melter Trench)     
0 2000 --  -- 

Grouted 
Tc-99 

38.8 900 2.61E-03  1290 

0 1 --  -- 
 U-234 0.89 30 1.39E-06 2.24E-10 10000 
 

 C-14 2.27E-01 

10000 
 3.8 1.50E-06 

 C-14 
 

 I-129 

U-235 0.037 30 5.76E-08 2.69E-08 10000 
 U-236 0.031 30 4.82E-08 7.61E-10 10000 
 U-238 0.79 30 1.23E-06 3.69E-06 10000 
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Table G.11b.  (contd) 1 
2 

Time of Max. 
Conc. - Years 
After 2046

 

Location 
Radio-
nuclide Inventory (Ci)

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 

Max. Conc. 
(µg/L) Within 

10,000 yr (b)

MLLW - continued 
200 West (Trench 31 and 34)     

 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 8.26E+00  1790.0 
 Grouted 

Tc-99 
85.9 900  1.90E-02 2710.0 

 I-129 0.12 1  3.49E-02 1790.0 
 U-234 18.0 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.33 30 0.00E+00 0.00E+00 >10000 
 U-238 4.0 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be 

compared to the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 

 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

 
 For Groups 3, 4, and 5, first arrival would occur well beyond the 10,000-year period of analysis in all 
areas.  For this reason, no simulation results were reported for these groups. 
 
 As was the case for Cat 3 LLW under Alternative 1, predicted levels of all contaminants of concern at 
a hypothetical 1-km (0.62-mi) observation well down gradient from this LLW were far below existing 
DWSs for both lower and upper bound volumes.  When contaminated groundwater originating from LLW 
in the 200 East and West Area reaches the hypothetical well along the Columbia River, concentration 
levels decline by factor of about 20 and 25, respectively. 
 
 As in the case of the other wastes considered in this alternative, the effect of groundwater impacted 
by releases from Cat 3 LLW on water quality in the Columbia would be indistinguishable from current 
background levels of contaminants. 
 

G.2.2.3 MLLW 
 
 This part of the analysis focuses on newly generated MLLW that will be disposed of in the 200 East 
Area and the 200 West Area.  Trenches 31 and 34 in LLBG 218-W-5 in the 200 West Area have been 
constructed specifically for disposal of this newly generated waste.  The same key assumptions used for 
release and transport analysis of MLLW under Alternative 1 were used for the wastes under this alterna-
tive.  The exception is that MLLW disposed in 200 East Area will be emplaced in a trench design similar 
to trench 31 and 34 in 218-W-5 LLBG with an assumed waste depth of 6 m.  The disposal of the low 
MLLW volume will require 7.5 additional trenches in 218-E-12B LLBG; the high MLLW volume will 
require an additional 15 trenches in the same LLBG.  The melter MLLW trench design will be the same 
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for the design used in Alternative 1 with a waste depth of 21 m.  As in Alternative 1, this alternative 
considers a total of 157 and 520 Ci of technetium-99 wastes disposed of in a grout matrix for the lower 
and upper waste volumes, respectively. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

 For Group 2, contaminant concentrations from 200 East area sources containing carbon-14 and 16 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and at 17 
10,000 years.  Contaminants in this category originating from 200 West sources do not reach the aquifer 18 
within 10,000 years. 19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.10a, G.10b, G.11a, and G.11b.  Peak concentration of 
technetium-99, and iodine-129 would reach the 1-km (0.62-mi) well within about 1280 yr in the 200 East 
Area and 1900 yr in the 200 West Area after start of release, respectively.  Peak concentrations of the 
technetium-99 contained in grout reach the 1-km (0.62-mi) well from the 200 East Area and the 200 West 
Area within about 1290 and 2800 years, respectively.  Peak concentrations of technetium-99, and iodine-
129 would reach the well located near the Columbia River within 1400 yr from the 200 East Area and 
2300 yr from the 200 West Area after start of release, respectively.  Peak concentrations of the 
technetium-99 in grout also reach the river well from the 200 East Area and the 200 West Area within the 
same periods of time. 
 

 
 For Groups 3, 4, and 5, first arrival would occur well beyond the 10,000-yr period of analysis in all 
areas.  For this reason, no simulation results were reported for these groups. 
 
 For assumed mixed waste inventories in this alternative, predicted levels of most contaminants of 
concern at a hypothetical 1-km (0.62-mi) observation well down gradient from these wastes were below 
existing DWSs for both lower and upper bound MLLW volumes.  As in Alternative 1, concentration of 
iodine-129 at the 1-km (0.62-mi) well from MLLW in 200 West Area was estimated to be 10 percent 
above the 1 pCi/L standard.  When contaminated groundwater originating from wastes in the 200 East 
and West areas reaches the hypothetical well along the Columbia River, concentration levels of constitu-
ents were estimated to be well below existing DWSs.  Concentration levels at 1 km (0.62 mi) in 200 East 
and West Areas decline by factors of about 6 and 30, when they reach the hypothetical well along the 
Columbia River. 
 
 As in the case of the other wastes considered in this alternative, the effect of groundwater impacted 
by releases from MLLW on water quality in the Columbia River would be indistinguishable from current 
background levels of contaminants. 
 

G.2.2.4 Transuranic Waste  
 
 TRU waste would be retrieved and sent to the WIPP for disposal and would not add to Hanford 
groundwater contamination levels. 
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G.2.3 No Action Alternative 1 
 2 

3 
4 
5 
6 
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 8 
9 

10 
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 19 
20 
21 
22 
23 
24 
25 
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 The following paragraphs contain a summary of the potential impacts to groundwater for the No 
Action Alternative.  Existing trenches contain or will contain LLW categorized as:  1) pre-1970 waste, 
2) waste buried after 1970 but before 1988, 3) Cat 1 LLW, 4) Cat 3 LLW and GTC3 LLW, and 
5) MLLW.  Amounts of contaminants considered include estimated inventories associated with a future 
estimated waste volume of 139,000 m3 (187,650 yd3) of LLW and 69,000 m3 (93,150 yd3) of MLLW. 

G.2.3.1 Pre-1970 Waste, 1970-1988 Waste, and Cat 1 LLW 
 
 This part of the analysis focuses on waste previously buried prior to 1970 (pre-1970) and between 
1970 and 1988 (1970-1988 waste) in the 200 East and the 200 West Area LLBGs.  This analysis also 
includes Cat 1 LLW buried since 1988 and projected from present to be buried in the 200 East and West 
Areas.  New trenches will be constructed for the newly generated LLW. 
 
 The same key assumptions used for release and transport analysis of previously buried waste and 
Cat 1 LLW under Alternative 1 and 2 were used for the same wastes under this alternative with a 
few exceptions noted below. 

• The infiltration rate used in the release was assumed to be 0.5 cm/yr to reflect recharge for a back-
filled surface condition with vegetative cover that will be expected to be re-established quickly over 
all LLBGs following the operational period.  No protective cover system or barrier was assumed for 
this waste category for this alternative. 

 
• Depths of the waste for all categories of waste were assumed to be 6 m (20 ft). 

 Arrivals of peak concentrations of mobile constituents ( Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Table G.12a and G.12b.  Peak concentrations would reach the 1-km 
(0.62-mi) well in 200 East Area and the 200 West Area within about 600 and 1100 yr after start of 
release, respectively.  The longer average time to arrival for source areas in the 200 West Area is 
consistent with the thicker vadose zone and the occurrence of the lower permeability Ringold Formation 
below the water table in the 200 West Area.  Peak concentrations would reach the well located near the 
Columbia River from LLBGs in 200 East and 200 West Areas within 800 and 1500 years after start of 
release, respectively. 
 
 For Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 and 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and at 
10,000 years.  Contaminants in this category originating from 200 West Area sources do not reach the 
aquifer within 10,000 years.  
 
 For Groups 3, 4, and 5 , first arrival would occur well beyond the 10,000-year period of analysis in all 
areas.  For this reason, no simulation results were reported for these groups. 
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Table G.12a. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well 1 km (0.62 mi) from Waste Site – No Action Alternative 

1 
2 
3  

Location 
Radio-
nuclide Inventory (Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 
Max. Conc. (µg/L) 
Within 10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Pre-1970 Waste 
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 1.06E+01  620 

  I-129 2.E-03 1 2.56E-02  620 
 U-234 1.E+00 20 1.05E-01 1.70E-05 10000 
 U-235 4.E-02 20 3.18E-03 1.48E-03 10000 
 U-236 3.E-02 20 2.15E-03 3.38E-05 10000 
 U-238 9.E-01 20 7.69E-02 2.31E-01 10000 

200 West       
  C-14 0.0 2000 --  -- 

 Tc-99 0.9 900 1.85E+01  1120 
  I-129 0.1 1 1.80E+00  1120 

 U-234 3.E+02 20 0.00E+00 0.00E+00 >10000 
 U-235 8.E+00 20 0.00E+00 0.00E+00 >10000 
 U-236 5.E+00 20 0.00E+00 0.00E+00 >10000 
 U-238 2.E+02 20 0.00E+00 0.00E+00 >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 2.16E+01  10000 
 Tc-99 0.0 900 --  630 

  I-129 8.E-03 1 1.09E-01  630 
 U-234 11.2 20 5.16E-01 8.33E-05 10000 
 U-235 0.8 20 3.81E-02 1.78E-02 10000 
 U-236 0.6 20 2.63E-02 4.14E-04 10000 
 U-238 20.4 20 9.40E-01 2.82E+00 10000 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 900 3.24E+02  1120 
 I-129 4.E-02 1 9.32E-01  1120 
 U-234 63.4 20 0.00E+00 0.00E+00 >10000 
 U-235 4.7 20 0.00E+00 0.00E+00 >10000 
 U-236 3.2 20 0.00E+00 0.00E+00 >10000 
 U-238 115.6 20 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 East       

 C-14 0.3 2000 2.73E-02  9960 
 Tc-99 0.1 900 4.91E-01  600 

  I-129 3.E-09 1 2.62E-08  600 
4 
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Table G.12a.  (contd) 1 
2  

Location 
Radio-
nuclide Inventory (Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 
Max. Conc. (µg/L) 
Within 10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Cat 1 LLW - continued 
200 West       

 C-14 6.7 2000 0.00E+00  >10000 
 Tc-99 1.3 900 2.10E+01  1160 

  I-129 7.E-08 1 1.12E-06  1160 
Cat 3 LLW 

200 East       
 C-14 3.E-02 2000 3.48E-03  9960 
 Grouted 

Tc-99 
14.2 900 2.07E-02  1280 

 I-129 3.E-05 1 3.09E-04  600 
 U-234 28.0 20 1.08E-04 1.75E-08 10000 
 U-235 0.8 20 3.10E-06 1.44E-06 10000 
 U-236 3.6 20 1.40E-05 2.20E-07 10000 
 U-238 44.7 20 1.73E-04 5.19E-04 10000 

200 West       
 C-14 0.9 2000 0.00E+00  >10000 
 Grouted 

Tc-99 
362.8 900 1.70E+00  2710 

 I-129 8.E-04 1 1.32E-02  1160 
 U-234 716.0 20 0.00E+00 0.00E+00 >10000 
 U-235 20.5 20 0.00E+00 0.00E+00 >10000 
 U-236 92.6 20 0.00E+00 0.00E+00 >10000 
 U-238 1145.3 20 0.00E+00 0.00E+00 >10000 

MLLW 
200 West (Trenches 31 and 34)     

 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 2.54E+02  1190 
 Grouted 

Tc-99 
85.9 900 4.03E-01  2710 

 I-129 0.1 1 1.08E+00  1190 
 U-234 18.6 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 
 U-238 3.3 30 0.00E+00 0.00E+00 >10000 

(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be compared to 

the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 

 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 
3 
4 
5 
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Table G.12b. Predicted Peak Concentrations of Key Radionuclides from LLBGs in Groundwater at a 
Well along the Columbia River – No Action Alternative 

1 
2 
3  

Location 
Radio-
nuclide Inventory (Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 
Max. Conc. (µg/L) 
Within 10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Pre-1970 Waste  
200 East       

 C-14 0.0 2000 --  -- 
 Tc-99 0.8 900 1.72E+00  810 

  I-129 2.E-03 1 4.16E-03  810 
 U-234 1.E+00 30 2.62E-03 4.23E-07 10000 
 U-235 4.E-02 30 7.92E-05 3.69E-05 10000 

U-236 3.E-02 30 5.34E-05 
 U-238 9.E-01 30 5.34E-05 1.60E-04 10000 

200 West       
C-14 0.0 2000 --  -- 
Tc-99 0.9 900 4.74E-01  1530 

  I-129 0.1 1 4.62E-02  1530 
 U-234 3.E+02 30 0.00E+00  >10000 
 U-235 8.E+00 30 0.00E+00  >10000 
 U-236 5.E+00 30 0.00E+00 >10000  
 U-238 2.E+02 30 0.00E+00  >10000 

1970-1988 Waste 
200 East       

 C-14 218.5 2000 9.55E-01  10000 
 Tc-99 0.0 900 --  -- 

  I-129 8.E-03 1 1.64E-02  810 
 U-234 11.2 30 1.09E-02 1.76E-06 10000 
 U-235 0.8 30 8.06E-04 3.76E-04 10000 
 U-236 0.6 30 5.56E-04 8.77E-06 10000 
 U-238 20.4 30 1.99E-02 5.97E-02 10000 

200 West       
  C-14 403.9 2000 0.00E+00  >10000 

 Tc-99 15.3 8.32E+00  1530 900 
 I-129 4.E-02 1 2.39E-02  1530 
 U-234 63.4 30 0.00E+00 0.00E+00 >10000 

U-235 30 0.00E+00 0.00E+00 >10000 
 U-236 3.2 30 0.00E+00 0.00E+00 >10000 
 U-238 115.6 30 0.00E+00 0.00E+00 >10000 

Cat 1 LLW 
200 East       

 C-14 0.3 2000 1.05E-03  10000 
 Tc-99 0.1 900 1.95E-02  730 

  I-129 3.E-09 1 1.04E-09  730 
200 West       

 C-14 6.7 2000 0.00E+00  >10000 
 Tc-99 1.3 900 6.32E-01  1650 

I-129 7.E-08 1 3.37E-08  1650 

 8.42E-07 10000 

  
 

 4.7 
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Table G.12b.  (contd) 1 
2  

Location 
Radio- 
nuclide 

Inventory 
(Ci) 

Applicable 
DWSs(a) 

Max. Conc. 
(pCi/L) Within 

10,000 yr 
Max. Conc. (µg/L) 
Within 10,000 yr 

Time of Max. 
Conc. - Years 
After 2046(b) 

Cat 3 LLW 
200 East       

 C-14 3.E-02 2000 1.34E-04  10000 
 Grouted Tc-99 14.2 900 9.53E-04  1290 
 I-129 3.E-05 1 1.23E-05  730 
 U-234 28.0 30 1.70E-06 2.75E-10 10000 
 U-235 0.8 30 4.88E-08 2.28E-08 10000 
 U-236 3.6 30 2.20E-07 3.47E-09 10000 
 U-238 44.7 30 2.73E-06 8.18E-06 10000 

200 West       
 C-14 0.9 2000 0.00E+00  >10000 
 Grouted Tc-99 362.8 900 8.03E-02  2710 
 I-129 8.E-04 1 3.98E-04  1650 
 U-234 716.0 30 0.00E+00 0.00E+00 >10000 
 U-235 20.5 30 0.00E+00 0.00E+00 >10000 
 U-236 92.6 30 0.00E+00 0.00E+00 >10000 
 U-238 1145.3 30 0.00E+00 0.00E+00 >10000 

MLLW 
200 West (Trenches 31 and 34)     

 C-14 5.0 2000 0.00E+00  >10000 
 Tc-99 28.3 900 8.26E+00  1790 
 Grouted Tc-99 85.9 900 1.90E-02  2710 
 I-129 0.1 1 3.49E-02  1790 
 U-234 18.6 30 0.00E+00 0.00E+00 >10000 
 U-235 0.3 30 0.00E+00 0.00E+00 >10000 
 U-236 0.3 30 0.00E+00 0.00E+00 >10000 

U-238 3.3 30 0.00E+00 0.00E+00 >10000 
(a) DWSs - Applicable Drinking Water Standards 
  DWS for carbon-14, technetium-99, and iodine-129 are interim EPA standards, in pCi/L 
  DWS for uranium is a proposed EPA standard, in µg/L of total uranium.  This standard should be compared to 

the sum of concentrations for all uranium isotopes. 
(b) 10,000 - Maximum contaminant concentration at 10,000 yr after 2046 
 >10,000 - Contaminant has not released from vadose zone to groundwater within 10,000 yr. 

 

 3 
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 For waste buried prior to 1970 and between 1970 and 1988, predicted peak levels of most contami-
nants of concern at a hypothetical 1-km (0.62-mi) observation well were below DWSs.  The contaminant 
that exceeds applicable standards includes iodine-129 originating in pre-1970 buried waste, which 
exceeded the 1 pCi/L standard by a factor of 1.8 at the 1 km (0.62-mi) well.  Down gradient of the buried 
waste sites, estimated concentration levels of all contaminants of concern are well below existing DWSs 
when they reach the Columbia River.  Concentration levels at 1 km (0.62-mi) from 200 East and West 
Area decline by factors 5 and 35, respectively, by the time they reach the river. 
 
 For Cat 1 LLW, concentrations of all contaminants of concern at the 1-km (0.62-mi) well and the well 
along the Columbia River were estimated to be well below their respective standards. 
 
 The effect of groundwater impacted by releases from previously buried waste and the Cat 1 LLW for 
this alternative on water quality in the Columbia River would be indistinguishable from current 
background levels of contaminants. 
 

G.2.3.2 Cat 3 LLW  
 
 This part of the analysis focuses on newly generated Cat 3 LLW that would be buried in the 200 East 
Area and the 200 West Area.  New trenches would be constructed for these newly generated LLW.  The 
same key assumptions used for release and transport analysis of Cat 3 LLW under Alternative 1 and 2 
were used for the same LLW under this alternative with a few exceptions noted below. 
 

• The two assumptions regarding infiltration rates are the same as those described in the previously 
buried and Cat 1 impacts section (that is, a 0.5 cm/yr infiltration used in the release and vadose zone 
calculations).   

 
• Depth of the waste was assumed to be 6 m (20 ft). 

 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Table G.12a and G.12b.  Peak concentrations for C-14 and I-129 would 
reach the 1-km (0.62-mi) well in the 200 West Area within 1500 years after start of release.  Peak 
concentrations of the grouted technetium-99 would reach the 1-km (0.62-mi) well in the 200 West Area 
within about 3000 years.  The longer average time to arrival for source areas in the 200 West Area is 
consistent with the thicker vadose zone and the occurrence of the lower permeability Ringold Formation 
below the water table in the 200 West Area.  Peak concentrations of iodine-129 would reach the well 
located near the Columbia River from 200 West Area in 2000 years after start of release.  Peak 
concentrations of the grouted technetium-99 would reach the river well from 200 East Area and the 
200 West Area within about 3100 years. 
 
 For Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 and 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and at 
10,000 years.  Contaminants in this category originating from 200 West Area sources do not reach the 
aquifer within 10,000 years.  
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 For Groups 3, 4, and 5, first arrival would occur well beyond the 10,000-year period of analysis in all 
areas.  For this reason, no simulation results were reported for these groups. 
 
 For Cat 3 LLW under the No Action Alternative, predicted levels of all contaminants of concern at a 
hypothetical 1-km (0.62-mi) observation well down gradient from this LLW were far below existing 
DWSs.  When contaminated groundwater originating from this LLW in the 200 East and West Areas 
reaches the hypothetical well along the Columbia River, concentration levels decline by a factor of about 
of 25 and 32, respectively.  
 
 As in the case of the previously buried waste and newly generated Cat 1 LLW, because of dilution, 
the effect of groundwater impacted by releases from Cat 3 LLW on water quality in the Columbia River 
would be indistinguishable from current background levels of contaminants from this alternative. 
 

G.2.3.3 MLLW  
 
 This part of the analysis focuses on newly generated MLLW that will be buried in the 200 East Area 
and the 200 West Area.  Trenches 31 and 34 in LLBG 218-W-5 in the 200 West Area have been 
constructed specifically for burial of this newly generated waste.  
 
 The same key assumptions used for release and transport analysis of MLLW under Alternative 1 
and 2 were used for the same wastes under this alternative with the following exception.  The infiltration 
rate used in the release was assumed to be 0.05 cm/yr to reflect recharge for a with capped trenches in the 
other alternatives following the operational period.  Trench 31 and 34 are capped under this alternative 
and the remaining MLLW in excess of their trench capacity is stored.  No new trenches are constructed in 
the 218-E-12B LLBG as in the other alternatives. 
 
 Arrivals of peak concentrations of mobile constituents (Group 1) at the 1-km (0.62-mi) and river well 
locations are summarized in Tables G.12a and G.12b.  Peak concentration of all constituents would reach 
the 1-km (0.62-mi) well from the 200 West Area within about 1100 yr after start of release, respectively.  
Peak concentrations from the 200 West Area would reach the well located near the Columbia River 
within same time frame after start of release. 
 
 For Group 2, contaminant concentrations from 200 East Area sources containing carbon-14 and 
uranium isotopes were found to be at their maximum level at the 1-km (0.62-mi) well just before and at 
10,000 years.  Contaminants in this category originating from 200 West Area sources do not reach the 
aquifer within 10,000 years.  
 
 For Groups 3, 4, and 5, first arrival would occur well beyond the period of analysis in all areas.  For 
this reason, no simulation results were reported for these groups. 
 
 For assumed mixed waste inventories in this alternative, predicted levels of most contaminants of 
concern at a hypothetical 1-km (0.62-mi) observation well down gradient from these wastes were below 
existing DWSs.  Concentration of iodine-129 at the 1-km (0.62-mi) well from MLLW in 200 West Area 
was estimated to be 8 percent above the 1 pCi/L standard.  When contaminated groundwater originating 
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from wastes in the 200 West Area reaches the hypothetical well along the Columbia River, concentration 
levels of constituent were estimated to be well below DWSs.  Concentration levels at the 1-km (0.62-mi) 
well from 200 West Area decline by a factors of about 57, after they reach the hypothetical well along the 
Columbia River. 
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 As in the case of the other wastes considered in this alternative, because of dilution, the effect of 
groundwater impacted by releases from MLLW on water quality in the Columbia River would be 
indistinguishable from current background levels of contaminants. 
 

G.2.3.4 Transuranic Waste  
 
 TRU waste would be retrieved, processed, and sent to the WIPP for disposal or stored onsite.  
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Traffic and Transportation 

 
 
 This appendix evaluates the impacts of onsite shipments of low-level waste (LLW), mixed low-level 
waste (MLLW), and transuranic (TRU) waste to treatment and disposal facilities, offsite shipments of 
MLLW from Hanford to offsite treatment facilities, and the shipment of construction and capping 
materials.  This section does not analyze the impacts of shipments of radioactive waste from offsite 
generators to Hanford treatment and disposal facilities or shipments of TRU waste from Hanford to the 
Waste Isolation Pilot Plant (WIPP).  Estimated impacts of transporting these materials are described in the 
Final Waste Management Programmatic Environmental Impact Statement for Managing Treatment, 
Storage, and Disposal of Radioacitve and Hazardous Waste (WM PEIS; DOE 1997a) and Waste 
Isolation Pilot Plant Disposal Phase Final Supplemental Environmental Impact Statement (DOE 1997b), 
respectively. 
 
 Estimates in the environmental impact statement (EIS) of radiological and non-radiological impacts 
of transporting various types of waste are presented in the following sections.  This analysis addresses 
radiological hazards of waste transported under routine and accident conditions, chemical hazards of 
waste transportation accidents, as well as physical hazards (that is, fatalities) projected to occur from 
traffic accidents involving waste shipments.  Health effects from routine vehicular emissions are also 
quantified.  The physical (or non-radiological) hazards and the impacts of routine vehicular emissions are 
independent of the cargo being transported.  Finally, total integrated radiological and non-radiological 
impacts are calculated.  Note that all of the methods used in this appendix to calculate transportation 
impacts are commonly used in U.S. Department of Energy (DOE) environmental documents. 
 
H.1 Description of Methods 
 
 The methods used in this EIS to calculate the impacts of transporting waste, construction, and capping 
materials are described in the following section.  Section H.1.1 describes the RADTRAN 4 computer 
code that was used to calculate the radiological routine (or incident-free) doses and accident risks to the 
public and transport crews associated with the alternatives examined in the EIS. Section H.1.2 describes 
the method used to calculate physical (non-radiological) routine risks.  The method used to calculate non-
radiological accident risks is described in Section H.1.3; the method used to calculate the impacts of 
accidental releases of hazardous chemicals is described in Section H.1.4. 
 
H.1.1 Radiological Impact Analysis Methodology 
 
 RADTRAN 4 (Neuhauser and Kanipe 1992) was used to estimate collective impacts to populations 
from routine transportation of radioactive material and collective population risks from accidents during 
transport.  RADTRAN 4 is organized into eight models: 
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• material model 

• transportation model 

• population distribution models 

• material models: isotopic compositions and properties 

• accident severity and package behavior models 

• meteorological dispersion model 

• health effects model 

• economic model. 
 
 The code uses these models to calculate the potential population dose from normal (routine or 
incident-free) transportation and to calculate the risk to the population from user-defined accident 
scenarios. 
 
 Collective Population Doses from Routine (Incident-Free) Transport.  The RADTRAN 4 
incident-free models calculate doses to people on or near the transportation routes from low-level external 
radiation emitted from the loaded shipping containers.  RADTRAN 4 calculates incident-free doses to the 
following population groups: 
 

• Persons along the route (referred to as off-link population).  RADTRAN 4 calculates population 
doses to all persons living or working within 0.8 km (0.5 mi) on each side of a transportation route. 

 
• Persons sharing the route (on-link population).  Collective doses are calculated for persons in 

vehicles sharing the transportation route, traveling in the same or in opposite directions. 
 

• Persons at stops.  RADTRAN 4 calculates collective doses to persons who may be exposed to a 
shipment while it is at a stop.  For truck shipments to/from offsite locations, stops may be made for 
refueling, food, or rest.  For onsite truck shipments, stop times are set to zero because of the short 
transport distances.  

 
• Crew members.  Incident-free doses to truck crew members are calculated. 

 
 The total collective population doses are the sum of the doses to the off-link population, on-link 
population, and persons at stops.  Worker doses include the doses to truck crewmembers.  Note  the 
population doses resulting from onsite shipments are doses to Hanford Site workers that may be adjacent 
to or nearby a truck shipment of radioactive waste.  Onsite shipments of radioactive waste would not 
expose a member of the public to any significant radioactive dose rate because Hanford Site access 
restrictions prevent the shipment from approaching locations where a member of the public could be.  
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One exception would be shipments from the 300 Area to the 200 Areas treatment and disposal facilities.  
The highway from the 300 Area to the Wye Barricade is publicly accessible and a member of the public 
(that is, a non-Hanford worker) could conceivably be on the highway at the time a waste shipment is 
being transported.  However, many shipments of radioactive materials from the 300 Area to the 200 East 
and 200 West Areas are currently conducted during off-shift hours (for example, nights and weekends) 
and often require closure of the road between the 300 Area and the Wye Barricade.  Consequently, except 
for this small potential dose to a non-Hanford worker member of the public, the public doses referred to 
in this appendix are actually doses to Hanford workers who may be driving to/from or at their work 
locations as a waste shipment passes by.   Public doses also are associated with shipments of MLLW 
materials to offsite treatment facilities. 
 
 Incident-free doses calculated by RADTRAN 4 are generally based on extrapolating the dose rate 
emitted from the package as a function of distance from a point source.  The public and worker doses are 
dependent upon parameters, such as population density, shipping distance, exposure distance, exposure 
duration, stop times, traffic density, and the Transportation Index (TI) of the package or packages.  The TI 
is defined as the highest package dose rate (mrem per hour) that would be received by an individual 
located at a distance of 1 m (3.3 ft) from the external surface of the package.  The values used for this and 
other parameters are presented in Table H.1.  
  
 RADTRAN 4 calculations are performed for each origin/destination pair.  Onsite population densities 
and shipping distances are based on Hanford map distances and occupancies in buildings along the routes. 
 
 The shipment origins, destinations, shipping distances, and number of shipments to be transported 
onsite in the Alternatives are presented in Tables H-2 to H-12.  The following key defines the tables 
describing the shipments to be conducted in each alternative: 
 

Alternative LLW MLLW TRU 

Alternative 1 

 Lower Volume H-2 H-4 

 Upper Volume H-3 H-5 
H-6 

Alternative 2 

 Lower Volume H-2 H-7 

 Upper Volume H-3 H-8 
H-9 

No Action H-10 H-11 H-12 
27 
28 
29 
30 
31 
32 
33 

 
 Population density information for onsite shipments was obtained from the Spent Nuclear Fuel 
Programmatic EIS (DOE 1993).  For shipments from unspecified locations to the 200 West Area, it was 
assumed the origin of the shipment is the 300 Area, the onsite waste generators farthest from the 
200 West Area.  These shipments were assumed to travel a one-way distance of 40 km (25 mi) through a 
region defined by three population densities:  1.6 km (1 mi) through a region defined by the 300 Area 
population density (660 persons/km2 or 1700 persons/mi2); 6.4 km (4 mi) through a region defined by the 
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200 West Area population density (120 persons/km2 or 300 persons/mi2); and 32 km (20 mi) through a 
region with the 600 Area population density (0.14 persons/km

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

2 or 0.35 persons/mi2).  This analysis is 
conservative because most of the onsite personnel will be in buildings located on one side of the road or 
the other, although the code assumes a uniform population density on both sides of the road.  Also, many 
of the shipments will come from the 200 East and 200 West Areas, a much shorter shipping distance than 
from the 300 Area.  For intra-200 West Area shipments (for example, from the Central Waste Complex 
[CWC] to Waste Receiving and Processing Facility [WRAP] or the T Plant Complex to the Low Level 
Burial Grounds [LLBGs]), a distance of one mile was assumed and the 200 West Area population density 
was used.  For shipments from the 200 West Area to offsite treatment facilities, a 48-km (30-mi) shipping 
distance was used.  The shipments were assumed to travel 3.2 km (2 mi) in the 300 Area population 
density region, 6.4 km (4 mi) in the 200 West Area region, and 38.4 km (24 mi) in the 600 Area.   

 
Table H.1.  General RADTRAN 4 Parameters for Onsite Waste Shipments(a) 

 

Parameter Value 

Transport Index (Dose rate at 1 m from vehicle, mrem/h)(b) 
 LLW and MLLW 
 Contact-handled TRU Waste 
 Remote-handled TRU Waste 
 Leachate in 5000-gal tanker truck 

 
1 
3 
7 
0.08(c) 

Number of Truck Crew 2 

Average Vehicular Speed (km/h) 
 Rural 
 Suburban 
 Urban 

 
88 
40 
24 

Stop Time (h/km)  

Number of People Exposed While Stopped 

Average Exposure Distance at Stops 

NA 
(No stops for onsite 

shipments) 

Number of People per Vehicle Sharing Route 2 

Population Densities (Persons/km2) Route-specific 

One-Way Traffic Count (Vehicles/h) 
 Rural 
 Suburban 
 Urban 

 
470 
780 

2800 

(a) Source of the parameter values is Neuhauser and Kanipe (1992), except where 
indicated otherwise. 

(b) Source:  WM PEIS (DOE 1997a).  
(c) Based on preliminary shielding calculations performed using the 

MICROSHIELD Computer Code, Version 5.0. 
 15 
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Table H.2.  Shipping Data for LLW – Alternative 1 and Alternative 2, Lower Bound Volume 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a) 
WRAP 

300 Area WRAP 3,998 7.5 534 
LLW Cat 1(b) 

300 Area WRAP 70 7.5 10 

300 Area WRAP 1,522 3.4 452 
LLW Cat 3(b) 

300 Area WRAP 7 3.4 2 

T Plant Complex 

LLW Cat 1 WRAP T Plant 336 7.5 45 

LLW Cat 3 WRAP T Plant 146 3.4 44 

Offsite Commercial Facilities (OCFs) 

Non-Conforming LLW CWC OCF 299 7.5 40 

Repackage in HICs 

300 Area LLBGs 29,446 3.4 8,733 
LLW Cat 3 Direct Disposal 

300 Area LLBGs 7,587 3.4 2,250 

LLW Cat 3 from WRAP WRAP LLBGs 1,378 3.4 409 

LLW Cat 3 from T Plant T Plant LLBGs 219 3.4 66 

Trench Grouting 

LLW Cat 3 Direct Disposal 300 Area LLBGs 29,446 3.4 8,733 

LLW Cat 3 from WRAP WRAP LLBGs 1,378 3.4 409 

LLW Cat 3 from T Plant T Plant LLBGs 219 3.4 66 

LLBGs 

300 Area LLBGs 84,860 7.5 11,324 
LLW Cat 1 Direct Disposal(b) 

300 Area LLBGs 31 7.5 5 

LLW Cat 1  300 Area LLBGs 158 7.5 22 

LLW Cat 1 from WRAP WRAP LLBGs 3,690 7.5 493 

LLW Cat 1 from T Plant T Plant LLBGs 505 7.5 68 

300 Area LLBGs 88,338 3.4 26,198 
LLW Cat 3 Direct Disposal(b) 

300 Area LLBGs 37,934 3.4 11,250 

LLW Cat 3 from WRAP WRAP LLBGs 4,134 3.4 1227 

LLW Cat 3 from T Plant T Plant LLBGs 658 3.4 196 

Non-Conforming LLW OCF LLBGs 598 3.4 178 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume 
shipped by the shipment capacity. 

(b) Split waste stream reflects different verification process in WRAP. 
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Table H.3.  Shipping Data for LLW – Alternative 1 and Alternative 2, Upper Bound Volume 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a) 
WRAP 

300 Area WRAP 11,750 7.5 1,568 
1b - LLW Cat 1(b) 

300 Area WRAP 191 7.5 26 

300 Area WRAP 2,289 3.4 679 
2c - LLW Cat 3(b) 

300 Area WRAP 38 3.4 12 

T Plant Complex 

1b2 - LLW Cat 1 WRAP T Plant 1,003 7.5 134 

2c2 - LLW Cat 3 WRAP T Plant 195 3.4 58 

Offsite Commercial Facilities (OCF) 

6 - Non-Conforming LLW CWC OCF 299 7.5 40 

Repackage in HICs 

300 Area LLBGs 47,737 3.4 14,157 
2a - LLW Cat 3 Direct Disposal 

300 Area LLBGs 8,096 3.4 2,401 

2c1 - LLW Cat 3 from WRAP WRAP LLBGs 2,109 3.4 626 

2c2 - LLW Cat 3 from T Plant T Plant LLBGs 292 3.4 87 

Trench Grouting 

2a - LLW Cat 3 Direct Disposal 300 Area LLBGs 47,737 3.4 14,157 

2c1 - LLW Cat 3 from WRAP WRAP LLBGs 2,109 3.4 626 

2c2 - LLW Cat 3 from T Plant T Plant LLBGs 292 3.4 87 

LLBG 

300 Area LLBGs 256,138 7.5 34,180 
LLW Cat 1 Direct Disposal(b) 

300 Area LLBGs 321 7.5 43 

1a - LLW Cat 1 300 Area LLBGs 158 7.5 22 

1b1 - LLW Cat 1 from WRAP WRAP LLBGs 10,824 7.5 1,445 

1b2 - LLW Cat 1 from T Plant T Plant LLBGs 1,504 7.5 201 

300 Area LLBGs 143,210 3.4 42,471 2a,2b - LLW Cat 3 Direct 
Disposal(b) 300 Area LLBGs 38,417 3.4 11,393 

2c1 - LLW Cat 3 from WRAP WRAP LLBGs 6,328 3.4 1,877 

2c2 - LLW Cat 3 from T Plant T Plant LLBGs 877 3.4 260 

6 - Non-Conforming LLW OCF LLBGs 598 3.4 178 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped 
by the shipment capacity. 

(b) Split waste stream reflects different verification process in WRAP. 
3 
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Table H.4.  Shipping Data for MLLW – Alternative 1, Lower Bound Volume 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a)

WRAP 
Wastes ready for disposal 300 Area WRAP 187 3.4 56 

Waste verification CWC WRAP 2,690 3.4 798 

Post-treatment verification CWC WRAP 4,701 3.4 1,395 

MLLW reclassified as LLW WRAP LLBGs 18 3.4 6 

Modified T Plant with M-91 Capability 

RH MLLW CWC T Plant 2,904 0.6 5,177 

Offsite Commercial Facilities (OCFs) 
CH Standard (non-thermal) CWC OCF 20,111 3.4 5,965 

CH Standard (thermal) CWC OCF 6,790 3.4 2,014 

Elemental Lead CWC OCF 608 0.5 1,216 

Elemental Mercury CWC OCF 21 0.5 42 

MLLW Enhanced Trench Design 
300 Area MLLW 

Trench 
1,997 3.4 593 

300 Area MLLW 
Trench 

24,714 3.4 7,330 LDR Compliant Wastes  

200 E Area Melter Trench 6,825 175 39 

From WRAP verification WRAP MLLW 
Trench 

187 3.4 56 

RH MLLW from Modified T 
Plant 

T Plant MLLW 
Trench 

4,066 0.6 7,248 

CH Standard (non-thermal) OCF MLLW 
Trench 

40,222 3.4 11,929 

CH Standard (thermal) OCF  MLLW 
Trench 

6,790 3.4 2,014 

Elemental Lead OCF MLLW 
Trench 

1,215 0.5 2,431 

Elemental Mercury OCF MLLW 
Trench 

312 0.5 624 

Leachate MLLW Trench ETF 507,600 gal 5000 gal 102 

(a) Due to rounding the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 

RH = remote-handled 
CH = contact-handled 
LDR = land disposal restriction 
ETF = 200 Area Effluent Treatment Facility 
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Table H.5.  Shipping Data for MLLW – Alternative 1, Upper Bound Volume 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a)

WRAP 

Wastes ready for disposal 300 Area WRAP 12,260 3.4 3,636 

Waste verification CWC WRAP 2,690 3.4 798 

Post-treatment verification CWC WRAP 4,701 3.4 1,395 

MLLW reclassified as LLW WRAP LLBGs 18 3.4 6 

Modified T Plant with M-91 Capability 

RH MLLW CWC T Plant 2,904 0.6 5,177 

Offsite Commercial Facilities (OCFs) 

CH Standard (non-thermal) CWC OCF 20,111 3.4 5,965 

CH Standard (thermal) CWC OCF 6,790 3.4 2,014 

Elemental Lead CWC OCF 608 0.5 1,216 

Elemental Mercury CWC OCF 21 0.5 42 

MLLW Enhanced Trench Design 

300 Area 
MLLW 
Trench 122,977 3.4 36,470 

300 Area 
MLLW 
Trench 31,998 3.4 9,490 

LDR Compliant Wastes  

200 E Area Melter Trench 6,825 175 39 

From WRAP verification WRAP 
MLLW 
Trench 12,260 3.4 3,636 

RH MLLW from Mod. T Plant T Plant 
MLLW 
Trench 4,066 0.6 7,248 

CH Standard (non-thermal) OCF 
MLLW 
Trench 40,222 3.4 11,929 

CH Standard (thermal) OCF 
MLLW 
Trench 6,790 3.4 2,014 

Elemental Lead OCF 
MLLW 
Trench 1,215 0.5 2,431 

Elemental Mercury OCF 
MLLW 
Trench 312 0.5 624 

Leachate MLLW Trench ETF 507,600 gal 5000 gal 102 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped 
by the shipment capacity. 
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Table H.6.  Shipping Data for TRU Waste – Alternative 1 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3
Shipment 

Capacity, m3 
Number of 

Shipments(a)

WRAP 

Retrievably Stored Drums in Trenches LLBG WRAP 3,714 3.4 1,093 

CH - Standard Containers       

55-gal Drums 300 Area WRAP 6,099 3.4 1,794 

Standard Waste Boxes (SWBs) 300 Area WRAP 21,505 5.7 3,773 

Modified T Plant with M-91 Capability 

Retrievably Stored Boxes in Trenches LLBGs T Plant 6,946 3.4 2,044 

Retrievably Stored RH Waste in Trenches LLBGs T Plant 178 3.4 53 

Retrievably Stored in Caissons LLBGs T Plant 23 3.4 7 

Polychlorinated Biphenyl (PCB) - 
Commingled TRU Waste LLBGs T Plant 95 3.4 28 

CH - Non-Standard Containers LLBGs T Plant 1,077 3.4 317 

RH - All LLBGs T Plant 2,187 3.4 644 

LLBGs 

Empty Containers Sent to LLBG for 
Disposal WRAP LLBGs 371 7.5 50 

Drums Assayed in WRAP as LLW WRAP LLBGs 305 7.5 41 

Retrievably Stored Boxes in Trenches T Plant LLBGs 2,321 7.5 310 

Retrievably Stored RH Waste in Trenches 
Redesignated as Cat 1 T Plant LLBGs 36 7.5 5 

Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 3 (includes 
increase for HICs) T Plant LLBGs 72 7.5 10 

CH - Non-Standard Containers T Plant LLBGs 215 7.5 29 

RH - All T Plant LLBGs 437 7.5 59 

MLLW Trenches 

Retrievably Stored Boxes in Trenches WRAP 
MLLW 
Trench 164 3.4 49 

Retrievably Stored RH Waste in Trenches WRAP 
MLLW 
Trench 4 0.6 8 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 
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Table H.7.  Shipping Data for MLLW – Alternative 2, Lower Bound Volume 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a)

WRAP 

Wastes ready for disposal 300 Area WRAP 187 3.4 56 

Waste verification CWC WRAP 2,690 3.4 798 

Post-treatment verification CWC WRAP 36 3.4 11 

MLLW reclassified as LLW WRAP LLBGs 18 3.4 6 

New Facility for MLLW Treatment and M-91 Capability (New Facility) 

RH MLLW 300 Area New Facility 2,904 0.6 5,177 

CH Standard (non-thermal) CWC New Facility 20,111 3.4 5,965 

CH Standard (alt. to thermal) CWC New Facility 6,430 3.4 1,907 

Elemental Lead CWC New Facility 608 0.5 1,216 

Elemental Mercury CWC New Facility 21 0.5 42 

Offsite Commercial Facilities (OCFs) 

CH Standard (thermal) CWC OCF 360 3.4 107 

MLLW Current Trench Design 

300 Area MLLW Trench 1,997 3.4 593 

300 Area MLLW Trench 24,714 3.4 7,330 LDR Compliant Wastes 

200 E Area Melter Trench 6,825 175 39 

From WRAP verification WRAP MLLW Trench 187 3.4 56 

RH MLLW from New M-91 New Facility MLLW Trench 4,066 0.6 7,248 

CH Standard (non-thermal) New Facility MLLW Trench 40,222 3.4 11,929 

CH Standard (alt. to 
thermal/thermal) 

New 
Facility/OCF MLLW Trench 6,790 3.4 2,014 

Elemental Lead New Facility MLLW Trench 1,215 0.5 2,431 

Elemental Mercury New Facility MLLW Trench 312 0.5 624 

Leachate MLLW Trench ETF 507,600 gal 5000 gal 102 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 

 3 
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Table H.8.  Shipping Data for MLLW – Alternative 2, Upper Bound Volume 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a) 

WRAP 

Wastes ready for disposal 300 Area WRAP 12,260 3.4 3,636 

Waste verification CWC WRAP 2,690 3.4 798 

Post-treatment verification CWC WRAP 36 3.4 11 

MLLW reclassified as 
LLW WRAP LLBG 18 3.4 6 

New Facility for MLLW Treatment and M-91 Capability 

RH MLLW 300 Area New Facility 2,904 0.6 5,177 

CH Standard (non-
thermal) CWC New Facility 20,111 3.4 5,965 

CH Standard (alt. to 
thermal) CWC New Facility 6,430 3.4 1,907 

Elemental Lead CWC New Facility 608 0.5 1,216 

Elemental Mercury CWC New Facility 21 0.5 42 

Offsite Commercial Facilities (OCFs) 

CH Standard (thermal) CWC OCF 360 3.4 107 

MLLW Current Trench Design 

300 Area MLLW Trench 122,977 3.4 36,470 

300 Area MLLW Trench 31,998 3.4 9,490 LDR Compliant Wastes  

200 E Area Melter Trench 6,825 175 39 

From WRAP verification WRAP MLLW Trench 12,260 3.4 3,636 

RH MLLW from New 
M-91 New Facility MLLW Trench 4,066 0.6 7,248 

CH Standard (non-
thermal) New Facility MLLW Trench 40,222 3.4 11,929 

CH Standard (alt. to 
thermal/thermal) 

New 
Facility/OCF MLLW Trench 6,790 3.4 2,014 

Elemental Lead New Facility MLLW Trench 1,215 0.5 2,431 

Elemental Mercury New Facility MLLW Trench 312 0.5 624 

Leachate MLLW Trench ETF 507,600 gal 5000 gal 102 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 

 3 
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Table H.9.  Shipping Data for TRU Waste – Alternative 2 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a)

WRAP 

Retrievably Stored Drums in Trenches LLBGs WRAP 3,714 3.4 1,093 

CH - Standard Containers      

 55-gal Drums 300 Area WRAP 6,099 3.4 1,794 

 SWBs 300 Area WRAP 21,505 5.7 3,773 

New Facility with M-91 Capability 

Retrievably Stored Boxes in Trenches LLBGs New Facility 6,946 3.4 2,044 

Retrievably Stored RH Waste in 
Trenches LLBGs New Facility 178 3.4 53 

Retrievably Stored in Caissons LLBGs New Facility 23 3.4 7 

PCB - Commingled TRU LLBGs New Facility 95 3.4 28 

CH - Non-Standard Containers LLBGs New Facility 1,077 3.4 317 

RH - All LLBGs New Facility 2,187 3.4 644 

LLBGs 

Empty containers sent to LLBG for 
Disposal WRAP LLBGs 371 7.5 50 

Drums Assayed in WRAP as LLW WRAP LLBGs 305 7.5 41 

Retrievably Stored Boxes in Trenches T Plant LLBGs 2,321 7.5 310 

Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 1 T Plant LLBGs 36 7.5 5 

Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 3 
(includes increase for HICs) T Plant LLBGs 72 7.5 10 

CH - Non-Standard Containers T Plant LLBGs 215 7.5 29 

RH - All T Plant LLBGs 437 7.5 59 

MLLW Trenches 

Retrievably Stored Boxes in Trenches WRAP MLLW Trench 164 3.4 49 

Retrievably Stored RH Waste in 
Trenches WRAP MLLW Trench 4 0.6 8 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 
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Table H.10.  Shipping Data for LLW – No Action Alternative 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a) 
WRAP 

300 Area WRAP 3,998 7.5 534 
LLW Cat 1(b) 

300 Area WRAP 70 7.5 10 

300 Area WRAP 1,522 3.4 452 
LLW Cat 3(b) 

300 Area WRAP 7 3.4 2 

T Plant Complex 

LLW Cat 1 WRAP T Plant 336 7.5 45 

LLW Cat 3 WRAP T Plant 146 3.4 44 

Repackage in HICs 

300 Area LLBGs 29,446 3.4 8,733 
LLW Cat 3 Direct Disposal 

300 Area LLBGs 7,587 3.4 2,250 

LLW Cat 3 from WRAP WRAP LLBGs 1,378 3.4 409 

LLW Cat 3 from T Plant T Plant LLBGs 219 3.4 66 

Trench Grouting 

LLW Cat 3 Direct Disposal 300 Area LLBGs 29,446 3.4 8,733 

LLW Cat 3 from WRAP WRAP LLBGs 1,378 3.4 409 

LLW Cat 3 from T Plant T Plant LLBGs 219 3.4 66 

LLBGs 

300 Area LLBGs 84,860 7.5 11,324 
LLW Cat 1 Direct Disposal(b) 

300 Area LLBGs 31 7.5 5 

LLW Cat 1 from WRAP WRAP LLBGs 3,690 7.5 493 

LLW Cat 1 from T Plant T Plant LLBGs 505 7.5 68 

300 Area LLBGs 88,338 3.4 26,198 
LLW Cat 3 Direct Disposal(b) 

300 Area LLBGs 37,934 3.4 11,250 

LLW Cat 3 from WRAP WRAP LLBGs 4,134 3.4 1,227 

LLW Cat 3 from T Plant T Plant LLBGs 658 3.4 196 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 

(b) Split waste stream reflects different verification process in WRAP. 
 3 
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Table H.11.  Shipping Data for MLLW – No Action Alternative 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a)

WRAP 

Wastes ready for disposal 300 Area WRAP 187 3.4 56 

Waste verification CWC WRAP 2,690 3.4 798 

Post-treatment verification CWC WRAP 36 3.4 11 

MLLW reclassified as LLW WRAP LLBGs 18 3.4 6 

Offsite Commercial Facilities (OCFs) 

CH Standard (thermal) CWC OCF 360 3.4 107 

MLLW Existing Trenches 

LDR Compliant Wastes      

 CH MLLW CWC MLLW Trench 1,014 3.4 301 

 RH MLLW CWC MLLW Trench 7,546 0.6 13,451 

From WRAP verification WRAP MLLW Trench 113 3.4 34 

CH Standard (thermal) OCF MLLW Trench 360 3.4 107 

Leachate MLLW Trench ETF 507,600 gal 5000 gal 102 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped 
by the shipment capacity. 

 3 
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Table H.12.  Shipping Data for TRU Waste – No Action Alternative 1 
2  

Waste Stream Origin Destination 
Volume 

Shipped, m3 
Shipment 

Capacity, m3 
Number of 

Shipments(a) 

WRAP 

Verification 

Retrievably Stored Drums in Trenches LLBGs WRAP 3,714 3.4 1,093 

CH - Standard Containers       

 55-gal Drums 300 Area WRAP 6,099 3.4 1,794 

 SWBs 300 Area WRAP 21,505 5.7 3,773 

LLBGs 

Empty containers sent to LLBGs for 
disposal 

WRAP LLBGs 371 7.5 50 

Drums assayed in WRAP as LLW WRAP LLBGs 305 7.5 41 

(a) Due to rounding, the number of shipments may not match exactly the result of dividing the volume shipped by 
the shipment capacity. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
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 Radiological and non-radiological impacts for TRU waste shipments from Hanford to WIPP are 
addressed in the Waste Isolation Pilot Plant Disposal Phase Supplemental Environmental Impact 
Statement (DOE 1997b) and are not evaluated in this EIS.  Similarly, impacts of LLW, MLLW, and TRU 
waste shipments from offsite generators to Hanford’s disposal facilities are evaluated in the WM PEIS 
(DOE 1997a).  To provide a conservative analysis, waste sent from Hanford to offsite commercial 
facilities (OCFs) for treatment was assumed to go to the Oak Ridge Reservation (ORR).  For shipments of 
waste from Hanford to the ORR for treatment and then back to Hanford for disposal, per-shipment 
impacts were taken directly from a previous Environmental Assessment (EA) that evaluated the impacts 
of transporting LLW from the ORR to Hanford (DOE 2001).  No adjustments were made to reflect the 
assumed significantly larger shipping capacities used in the EA (80 55-gal drums per shipment in the 
ORR EA versus 18 drums per shipment assumed in this EIS), except the numbers of shipments were 
calculated using 18 drums per shipment.  Important parameters that remained the same included the 
radiological inventories, external radiation dose rates, packaging system release parameters, fractional 
occurrences of accidents in the various severity categories, and dosimetry parameters.  Note the ORR EA 
conducted route-specific impact analyses for these shipments.  Also note the incident-free dose risk to the 
public and truck crews should be comparable to those calculated here because the external dose rates are 
assumed to be the same in the ORR EA as they are at Hanford.  Radiological accident risks should be 
slightly higher than those calculated for Hanford because the radionuclide inventories assumed here are 
for only 18 55-gal drums of waste.   Those used in the ORR EA assumed 80 55-gal drums per shipment.  
The reader is referred to DOE (2001) for additional information about the ORR shipments. 
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 Radiological Accident Risks.  RADTRAN 4 performs accident risk assessment by combining the 
probabilities and consequences of accidents to produce a risk value.  RADTRAN 4 considers a spectrum 
of potential transportation accidents, ranging from those with high frequencies and low consequences (for 
example, fender benders) to those with low frequencies and high consequences (accidents in which the 
shipping container is exposed to severe mechanical and thermal conditions). 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
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24 
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28 
29 
30 
31 

 
 Accident analysis in RADTRAN 4 is performed using an accident severity and package release 
model.  The user can define up to 20 severity categories for 3 population densities (urban, suburban, and 
rural), each category increasing in magnitude.  Severity categories are related to fire, puncture, crush, and 
immersion environments created in vehicular accidents.  For this study, the eight severity categories 
defined in NUREG-0170 (NRC 1977) were adopted.  Severity Cat I represents minor accidents in which 
the packaging system retains confinement of the cargo (that is, no release).  Higher severity categories 
represent more severe accident conditions with correspondingly higher releases and lower probabilities. 
 
 Each severity category has an assigned conditional probability (or the probability, given an accident 
occurs, that it will be of the specified severity).  The accident scenarios are further defined by allowing 
the user to input release fractions and aerosol and respirable fractions for each severity category.  These 
fractions are also a function of the physical-chemical properties of the materials transported.  
RADTRAN 4 default values for similar generic materials were used in this analysis.  For example, Cat 1 
solid wastes were modeled as generic small powder material form.  Using this definition, the Cat 1 LLW 
solids will have an aerosol fraction of 0.10 (that is, 10 percent aerosol-size particles) and respirable 
fraction of 0.05 (or 5 percent of the aerosol-size particles are also respirable-size particles).  These 
parameters were used for all onsite shipments of solid materials, including Cat 1 LLW, Cat 3 LLW, 
GTC3 LLW, MLLW, and TRU waste.  LLW Cat 1 organic liquid wastes were assigned to a generic 
liquids material form in which the aerosol and respirable fractions are set to 1.0.  Table H.13 shows the 
input parameters used in this analysis of onsite and offsite shipments in 55-gal drums and boxes.  
Concentrations of radioactive materials that were used to calculate the per-shipment inventories of each 
material, taken from FH (2002), are shown in Table H.14.  Note that only a few streams are presented in 
Table H.14.  Readers are referred to (FH 2002) for information on other waste streams. 
 

Draft HWS EIS April 2002 H.16 



 

Table H.13.  RADTRAN 4 Accident Parameters 1 
2  

Parameter Value 
Accident Rate Onsite(a) – Hanford Sitewide Average – 1.14E-07 accidents per mile 

Fractional Occurrence by Severity Category 
(Conditional Probability Given an Accident Occurs)(b) 

 Truck 
I 0.55 
II 0.36 
III 0.07 
IV 0.016 
V 0.0028 
VI 0.0011 
VII 8.5E-05 
VIII 1.5E-05 

Fractional Occurrence by Population Zone (Conditional Probability 
Given an Accident Occurs of the Specified Severity)(b) 

Truck  
Rural Suburban Urban 

I 0.1 0.1 0.8 
II 0.1 0.1 0.8 
III 0.3 0.4 0.3 
IV 0.3 0.4 0.3 
V 0.5 0.3 0.3 
VI 0.7 0.2 0.1 
VII 0.8 0.1 0.1 
VIII 0.9 0.05 0.05 

Release Fraction (Fraction of Container Contents Released from 
Shipment by Severity Category)(b) 

I 0 
II 0.01 
III 0.1 
IV 1 
V 1 
VI 1 
VII 1 
VIII 1 

(a) Source:  Green et al. (1996). 
(b) Data taken from NUREG-0170 (NRC 1977) for Type A shipments.   

 3 
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Table H.14.  Radionuclide Concentrations (Ci/m3) Used to Calculate Per-Shipment Inventories(a) 1 
2  

Radionuclide LLW Cat 1 LLW Cat 3 MLLW TRU Waste 

Am-241 6.41E-06 7.94E-03 0 3.17E+00 

C-14 7.02E-05 2.25E-05 0 0 

Cm-244 0 1.00E-03 0 0 

Co-60 1.07E-03 5.27E-02 3.18E-08 0 

Cs-137 – Ba-137M 1.01E-04 9.77E+00 1.70E-06 8.17E-02 

Fe-55 2.46E-03 5.24E-02 0 0 

H-3 4.49E+00 1.62E-03 0 0 

Mn-54 3.29E-03 7.78E-03 0 0 

Ni-59 2.60E-04 8.87E-06 0 0 

Ni-63 8.62E-04 8.75E-02 0 0 

Pu-238 2.16E-06 1.97E-03 0 7.21E-01 

Pu-239 3.11E-05 9.44E-03 0 2.74E+00 

Pu-240 7.87E-06 3.73E-03 0 1.54E+00 

Pu-241 2.11E-04 2.23E-01 0 5.77E+01 

Pu-242 1.77E-08 1.70E-06 0 6.25E-05 

Sr-90 / Y90 1.20E-04 1.24E+01 1.60E-07 6.73E-02 

Tc-99 1.37E-05 9.59E-03 1.17E-03 0 

U-233 0 1.49E-05 0 0 

U-234 0 1.89E-02 0 0 

U-235 0 5.40E-04 1.13E-07 0 

U-236 0 2.44E-03 0 0 

U-238 0 3.04E-02 1.18E-04 0 

(a)  Source:  FH (2002). 

3 
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 For accidents that result in a release of radioactive material, RADTRAN 4 assumes the material is 
dispersed into the environment according to standard Gaussian diffusion models.  The code allows the 
user to choose two different methods for modeling the atmospheric transport of radionuclides after a 
potential accident.  The user can either input Pasquill atmospheric-stability category data or averaged 
time-integrated concentrations.  In this analysis, the default standard cloud option (uses time-integrated 
concentrations) within RADTRAN 4 was used. 
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 RADTRAN 4 calculates the population dose from the released radioactive material for four exposure 
pathways.  These pathways are 
 
  1. external dose from exposure to the passing cloud of radioactive material 
 
  2. external dose from radionuclides deposited on the ground by the passing plume 
 
  3. internal dose from inhalation of airborne radioactive contaminants 
 
  4. internal dose from ingestion of contaminated food. 
 
 Standard radionuclide uptake and dosimetry models are incorporated into RADTRAN 4.  The 
computer code combines the accident consequences and frequencies of each severity category, sums over 
the severity categories, and then integrates over all the shipments.  Accident risk impacts that are provided 
in the form of a collective population dose (person-rem over the entire shipping campaign) is then 
converted to population risk using health effects conversion factors.  The dose to risk factors were taken 
from the International Commission on Radiological Protection (ICRP) Publication 60 (ICRP 1991) and 
infer 4.0E-04 latent cancer fatalities (LCFs) per person-rem for workers and 5.0E-04 LCF/person-rem for 
the general public. 
 
H.1.2 Physical (Non-radiological) Routine Risks 
 
 Non-radiological routine impacts consist of fatalities from pollutants, such as diesel exhaust emitted 
from vehicles.  This category of impacts is not related to the radiological characteristics of the cargo.  
Spreadsheet calculations were performed using unit-risk factors (fatalities per km of travel) to derive 
estimates of the non-radiological impacts.  The non-radiological impacts were calculated by multiplying 
the unit risk factors by the total shipping distances for all of the shipments in each shipping option.  Non-
radiological unit risk factors for incident-free transport were taken from Rao et al. (1982). 
 
H.1.3 Non-radiological Accident Risks in Transit 
 
 The non-radiological impacts associated with the transportation of radioactive waste are assumed to 
be comparable to the impacts associated with general transportation activities in the United States.  A unit 
factor (fatalities per km or fatalities per mi) is multiplied by the shipping distance to calculate non-
radiological impacts from vehicular accidents.  The fatalities are due to vehicular impacts with solid 
objects, rollovers, or collisions and are not related to the radioactive nature of the cargo being transported.  
For onsite shipments, the fatality data developed by Saricks and Tompkins (1999) for primary highways 
in the state of Washington were used in the calculations.  Separate unit factors were used to develop 
estimates of the number of accidents involving the shipments and number of fatalities resulting from the 
accidents. 
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H.1.4 Hazardous Chemical Impact Analysis 1 
2 
3 
4 
5 
6 
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 The impact of accidental releases of hazardous chemicals from the various waste shipments was 
addressed differently than accidental releases of radioactive materials.  A maximum credible accident 
involving each shipment was postulated.  Hazardous chemical release and atmospheric dispersion 
calculations were then performed to determine the maximum downwind concentration to which an 
individual would be exposed.  The downwind concentrations were compared to safe exposure levels for 
each chemical (Emergency Response Planning Guidelines [ERPGs] or Temporary Emergency Exposure 
Limits [TEELs]; see Section H.6) to determine the potential public and worker impacts. 
 
 The formula used to estimate the downwind concentrations of hazardous chemicals is 
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 Hazardous chemical concentrations for the highest-volume waste streams are presented in 
Table H.15. 
 
 Source inventories for each material shipped were taken from (FH 2002).  Where necessary, 
adjustments were made to the 55-gal drum inventories in Table H.15 to account for different waste 
container sizes and shipment capacities.  Release duration was assumed in all cases to be 2 hr.  
Derivations of the remaining variables in the formula are described in the following paragraphs. 
 
 The maximum credible accident postulated here is assumed to involve a severe impact followed by a 
fire.  The impact condition is assumed to break up the waste form and cause the waste container to fail, so 
the contained material has an open pathway to the environment.  A fire is then assumed to occur, resulting 
in additional damage and turning the waste material into an aerosol.  The aerosol and respirable fractions, 
used for the radiological materials (for example, with LLW Cat 1), were set equal to 0.1 and 0.05, 
respectively, and were also used to characterize the released hazardous chemicals.  Therefore, a combined 
respirable release fraction of 0.005 was used in the calculations. 
 
 Because an accident could occur anywhere and at any time during a shipment, predicting the 
population distributions and weather conditions at the time of the accident is not possible.  For this 
analysis, the concentrations of the hazardous materials at the location of the maximum exposed individual 
were calculated.  The maximally exposed individual (MEI) for onsite shipments was assumed to be a 
Hanford Site worker located 100 m (109 yd) downwind from the accident location for the entire duration 
of the release.  The dose to the MEI for offsite shipments would be similar.  Downwind air concentrations 
are also a function of wind speed and atmospheric stability class.  Accident analysis guidance from the 
U.S. Nuclear Regulatory Commission (NRC) was used to characterize the weather conditions at the time 
of the accident.  The wind speed was assumed to be 1 m/s and Pasquill stability class F (stable conditions) 
was assumed.  These are low probability wind conditions that tend to overestimate typical concentrations 
of released materials.  The atmospheric dispersion coefficient or χ/Q was calculated using NRC 
Regulatory Guide 1.145 (NRC 1982).  The atmospheric dispersion coefficient at 100 m (109 yd) under 
Pasquill stability class F and 1 m/s wind speed was calculated to be 3.5E-02 s/m3. 
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Table H.15.  Maximum Hazardous Chemical Inventories 1 
2  

Chemical Inventory in Maximum 55-Gallon Drum,(b) kg 

Hazardous Constituent 

TEEL-2 
Value 

(mg/m3)(a) MLLW(c) TRU Waste(d) 
Elemental 
Mercury 

Elemental 
Lead 

Acetone 8500 20.0 0 0 0.2 
Ammonium fluoride 12.5 7.9 0 0 0 
Ammonium nitrate 50 7.9 0 0 0 
Ammonium sulfate 500 15.6 0 0 0 
Beryllium 0.025 5.7 0.2 0 0 
Butyl alcohol 50 1.1 0.5 0 0 
Carbon tetrachloride 100 36.6 1.0 0 0 
Cyclohexane 1300 3.8 0 0 0 
Ethanol 3300 20.2 0.2 0 0 
Hydrazine 0.8 8.6 0 0 0 
Isopropyl alcohol 400 29.1 0 0 0 
Lead 0.25 0 0 0 204 
Mercury 0.1 0 0 27.6 0 
Methanol 1000 39.2 0 0 0 
Methyl ethyl ketone 0.2 23.8 0 0 0 
Methyl isobutyl ketone 500 33.0 0 0 0 
Nitric acid 15 61.0 0.2 0 0 
Phosphoric acid 500 52.4 0.3 0 0 
Potassium hydroxide 2 56.3 0 0 0 
Propane 2100 0 0.4 0 0 
Sodium Hydroxide 40 76.5 6.0 0 0 
Styrene 250 1.6 0 0 0 
Sulfuric acid 10 3.3 1.5 0 0 
Tetrahydrofuran 2000 3.0 0 0 0 
Toluene 300 104.0 0 0 0 
Uranium 1 340 0 0 0 
Xylene 200 52.0 4.2 0 0 
Note:  0 indicates no data was provided in the source document. 
(a) Source:  Craig (2001). 
(b) Source:  FH (2002) 
(c) The source terms are representative of contact-handled MLLW.  Remote-handled MLLW had a lower 

hazardous chemical content. 
(d) The source term is representative of suspect TRU waste in trenches.  Other TRU waste chemical source 

terms were lower. 
 3 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

The impacts to the maximum exposed individual were determined by comparing the downwind 
concentrations of each hazardous chemical to safe exposure levels.  The primary source of the exposure 
levels is Craig (2001), ERPGs and TEELs for Chemicals of Concern, Rev. 18.  The safe exposure level 
assumed here is the TEEL-2 (Temporary Emergency Exposure Limit - 2), as defined by Craig (2001). 
The TEEL-2 concentration is defined as the maximum concentration in air below which nearly all 
individuals could be exposed without experiencing or developing irreversible or other serious health 
effects or symptoms that could impair their abilities to take protective action.  
 
H.2 Results of Transportation Impact Analysis 
 
 This section presents the results of the transportation impact analysis in support of the EIS.  Separate 
subsections are presented for results of Alternative 1, Alternative 2, and No Action alternatives.  The 
hazardous chemical accident impact analysis results are presented in Section H.6.  All of the impacts 
provided in the table are in fatalities except for the estimated number of traffic accidents.  Fatalities are 
expressed in latent cancer fatalities for radiological impacts and routine non-radiological emissions and 
terms of physical trauma induced fatalities for non-radiological accidents.  Note that many of the entries 
in the table are expressed as fractional fatalities; for example, 1E-01 or 0.1 fatalities.  This means a 
1-in-10 probability is expected, over the entire shipping campaign, that one fatality would result from the 
shipments.  Also note that totals for each alternative are expressed both as fractions and as whole 
numbers.  The whole number totals are determined by rounding the fractional totals to the nearest whole 
number. 
 
H.2.1 Alternative 1 
 
 The transportation impact analysis results for onsite transport of solid waste in Alternative 1 are 
shown in the following tables: 
 

Alternative 1 LLW MLLW TRU Waste 

Upper Bound Volume  H-16 H-18 

Lower Bound Volume  H-17 H-19 
H-20 

28 
29 
30 
31 
32 
33 

 
H.2.2 Alternative 2 
 
 The transportation impact analysis results for onsite shipments of solid waste in Alternative 2 are 
shown in the following tables: 
 

Alternative 2 LLW MLLW TRU Waste 

Upper Bound Volume  H-16 H-21 

Lower Bound Volume  H-17 H-22 
H-23 

34 
35 

 
 Note that shipments of LLW in this alternative are the same as shipments of LLW in Alternative 1.   
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H.2.3 No Action Alternative 1 
2 
3 
4 
5 

 
 The results of the radiological impact analysis for onsite transport of solid waste under the No Action 
Alternative are shown in the following tables. 
 

LLW MLLW TRU Waste No Action 
H-24 H-25 H-26 

6 
7 
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Table H.16. Transportation Impacts of Alternative 1 and Alternative 2 – LLW Lower Bound 
Volume, Number of Fatalities 

1 
2 
3  

Radiological Incident-free 
(LCFs) Non-radiological 

Waste Stream Crew (a)

Radiological
Accidents 

(LCFs) 

Number 
of Traffic 
AccidentsPublic  

Traffic 
Fatalities 

Emissions
(LCFs) 

WRAP 
5.1E-04 5.3E-04 2.1E-05 4.9E-03 5.3E-04 4.2E-03 LLW Cat 1(b) 
9.5E-06 1.0E-05 3.9E-07 9.1E-05 1.0E-05 7.9E-05 
4.3E-04 4.5E-04 6.3E-04 4.1E-03 4.5E-04 3.6E-03 LLW Cat 3(b) 
1.9E-06 2.0E-06 2.8E-06 1.8E-05 2.0E-06 1.6E-05 

T Plant Complex 
LLW Cat 1 5.0E-06 1.3E-05 8.6E-07 1.6E-05 1.8E-06 1.4E-05 
LLW Cat 3 4.8E-06 1.2E-05 3.2E-05 1.6E-05 1.8E-06 1.4E-05 

Offsite Commercial Facilities 
Non-Conforming LLW 1.6E-05 4.0E-05 4.4E-10 4.4E-04 4.8E-05 3.8E-04 

Repackage in HICs 
8.3E-03 8.7E-03 1.2E-02 8.0E-02 8.7E-03 6.9E-02 LLW Cat 3 Direct Disposal 
2.1E-03 2.3E-03 3.2E-03 2.1E-02 2.3E-03 1.8E-02 

LLW Cat 3 from WRAP 4.5E-05 1.1E-04 2.9E-04 1.5E-04 1.6E-05 1.3E-04 
LLW Cat 3 from T Plant 7.3E-06 1.8E-05 4.8E-05 2.4E-05 2.6E-06 2.1E-05 

Trench Grouting 
LLW Cat 3 Direct Disposal 8.3E-03 8.7E-03 1.2E-02 8.0E-02 8.7E-03 6.9E-02 
LLW Cat 3 from WRAP 4.5E-05 1.1E-04 9.8E-05 1.5E-04 1.6E-05 1.3E-04 
LLW Cat 3 from T Plant 7.3E-06 1.8E-05 4.8E-05 2.4E-05 2.6E-06 2.1E-05 

LLBGs 
1.1E-02 1.1E-02 4.4E-04 1.0E-01 1.1E-02 9.0E-02 LLW Cat 1 Direct Disposal(b) 
4.8E-06 5.0E-06 2.0E-07 4.6E-05 5.0E-06 4.0E-05 

LLW Cat 1 from stream 11 2.1E-05 2.2E-05 8.6E-07 2.0E-04 2.2E-05 1.7E-04 
LLW Cat 1 from WRAP 5.4E-05 1.4E-04 9.4E-06 1.8E-04 2.0E-05 1.6E-04 
LLW Cat 1 from T Plant 7.5E-06 1.9E-05 1.3E-06 2.5E-05 2.7E-06 2.2E-05 

2.5E-02 2.6E-02 3.7E-02 2.4E-01 2.6E-02 2.1E-01 LLW Cat 3 Direct Disposal(b) 
1.1E-02 1.1E-02 1.6E-02 1.0E-01 1.1E-02 8.9E-02 

LLW Cat 3 from WRAP 1.3E-04 3.4E-04 8.8E-04 4.5E-04 4.9E-05 3.9E-04 
LLW Cat 3 from T Plant 2.2E-05 5.5E-05 1.4E-04 7.2E-05 7.8E-06 6.2E-05 
Non-Conforming LLW 7.1E-05 1.8E-04 2.0E-09 1.9E-03 2.1E-04 1.7E-03 
Total None 

(6.6E-02) 
None 

(7.0E-02) 
None 

(8.3E-02) 
1 

(6.3E-01) 
None 

(6.9E-02) 
1 

(5.5E-01) 
(a) Public includes non-involved workers. 
(b) Split waste stream reflects different verification process in WRAP. 

 4 
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Table H.17. Transportation Impacts of Alternative 1 and Alternative 2 – LLW Upper Bound 
Volume, Number of Fatalities 

1 
2 
3  

Radiological Incident-free 
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 

Radiological 
Accidents 

(LCFs) 

Number of 
Traffic 

Accidents 
Traffic 

Fatalities 
Emissions 

(LCFs) 
WRAP 

1.5E-03 1.6E-03 6.1E-05 1.4E-02 1.6E-03 1.2E-02 
LLW Cat 1(b) 

2.5E-05 2.6E-05 1.0E-06 2.4E-04 2.6E-05 2.1E-04 
6.5E-04 6.8E-04 9.5E-04 6.2E-03 6.8E-04 5.4E-03 

LLW Cat 3(b) 
1.1E-05 1.2E-05 1.7E-05 1.1E-04 1.2E-05 9.5E-05 

T Plant Complex 
LLW Cat 1 1.5E-05 3.8E-05 2.5E-06 4.9E-05 5.4E-06 4.2E-05 

LLW Cat 3 6.4E-06 1.6E-05 4.2E-05 2.1E-05 2.3E-06 1.8E-05 

Offsite Commercial Facilities 
Non-Conforming LLW 1.6E-05 4.0E-05 4.4E-10 4.4E-04 4.8E-05 3.8E-04 

Repackage in HICs 
1.3E-02 1.4E-02 2.0E-02 1.3E-01 1.4E-02 1.1E-01 

LLW Cat 3 Direct Disposal 
2.3E-03 2.4E-03 3.4E-03 2.2E-02 2.4E-03 1.9E-02 

LLW Cat 3 from WRAP 6.9E-05 1.8E-04 4.5E-04 2.3E-04 2.5E-05 2.0E-04 

LLW Cat 3 from T Plant 9.6E-06 2.4E-05 6.3E-05 3.2E-05 3.5E-06 2.8E-05 
Trench Grouting 

LLW Cat 3 Direct Disposal 1.3E-02 1.4E-02 2.0E-02 1.3E-01 1.4E-02 1.1E-01 

LLW Cat 3 from WRAP 6.9E-05 1.8E-04 1.5E-04 2.3E-04 2.5E-05 2.0E-04 

LLW Cat 3 from T Plant 9.6E-06 2.4E-05 6.3E-05 3.2E-05 3.5E-06 2.8E-05 

LLBGs 
3.2E-02 3.4E-02 1.3E-03 3.1E-01 3.4E-02 2.7E-01 

LLW Cat 1 Direct Disposal(b) 
4.1E-05 4.3E-05 1.7E-06 3.9E-04 4.3E-05 3.4E-04 

LLW Cat 1 from stream 11 2.1E-05 2.2E-05 8.6E-07 2.0E-04 2.2E-05 1.7E-04 

LLW Cat 1 from WRAP 1.6E-04 4.0E-04 2.7E-05 5.3E-04 5.8E-05 4.6E-04 

LLW Cat 1 from T Plant 2.2E-05 5.6E-05 3.8E-06 7.3E-05 8.0E-06 6.4E-05 
4.0E-02 4.2E-02 5.9E-02 3.9E-01 4.2E-02 3.4E-01 

LLW Cat 3 Direct Disposal(b) 
1.1E-02 1.1E-02 1.6E-02 1.0E-01 1.1E-02 9.0E-02 

LLW Cat 3 from WRAP 2.1E-04 5.3E-04 1.4E-03 6.8E-04 7.5E-05 5.9E-04 

LLW Cat 3 from T Plant 2.9E-05 7.3E-05 1.9E-04 9.5E-05 1.0E-05 8.2E-05 

Non-Conforming LLW 7.1E-05 1.8E-04 2.0E-09 1.9E-03 2.1E-04 1.7E-03 

Total None 
(1.1E-01) 

None 
(1.2E-01) 

None 
(1.2E-01) 

1 
(1.1E+00) 

None 
(1.2E-01) 

1 
(9.5E-01) 

(a) Public includes non-involved workers. 
(b) Split waste stream reflects different verification process in WRAP. 
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Table H.18. Transportation Impacts of Alternative 1 – MLLW Lower Bound Volume, Number 
of Fatalities 

1 
2 
3  

Radiological Incident-free 
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 
Radiological

Accidents 

Number 
of Traffic 
Accidents 

Traffic 
Fatalities 

Emissions 
(LCFs) 

WRAP 

Wastes ready for disposal 5.3E-05 5.6E-05 2.2E-06 5.1E-04 5.6E-05 4.4E-04 

Waste verification 8.8E-05 2.2E-04 1.5E-05 2.9E-04 3.2E-05 2.5E-04 

Post-treatment verification 1.5E-04 3.9E-04 2.7E-05 5.1E-04 5.6E-05 4.4E-04 

MLLW reclassified as LLW 6.6E-07 1.7E-06 1.1E-07 2.2E-06 2.4E-07 1.9E-06 

Modified T Plant with M-91 Capability 

RH MLLW 5.7E-04 1.4E-03 9.8E-04 1.9E-03 2.1E-04 1.6E-03 

Commercial Treatment Facilities 

CH Standard (non-thermal) 3.2E-02 9.8E-02 3.6E-07 NA 6.0E-01 2.5E-02 

CH Standard (thermal) 1.1E-01 3.3E-02 1.2E-07 NA 2.0E-01 8.4E-03 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 1.3E-02 1.5E-03 1.2E-02 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 4.6E-04 5.0E-05 4.0E-04 

MLLW Enhanced Trench Design 

5.6E-04 5.9E-04 2.3E-05 5.4E-03 5.9E-04 4.7E-03 

7.0E-03 7.3E-03 2.9E-04 6.7E-02 7.3E-03 5.8E-02 LDR Compliant Wastes 

4.3E-05 1.1E-04 7.4E-05 1.4E-05 1.6E-06 1.2E-05 

From WRAP verification 6.2E-06 1.6E-05 1.1E-06 2.0E-05 2.2E-06 1.8E-05 

RH MLLW from Modified T 
Plant 8.0E-04 2.0E-03 1.4E-03 2.6E-03 2.9E-04 2.3E-03 

CH Standard (non-thermal) 1.3E-02 1.4E-02 5.6E-04 1.3E-01 1.4E-02 1.1E-01 

CH Standard (thermal) 1.1E-01 3.3E-02 1.2E-07 NA 2.0E-01 8.4E-03 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 2.7E-02 2.9E-03 2.3E-02 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 6.8E-03 7.5E-04 5.9E-03 

Leachate 1.2E-03 1.2E-04 3.9E-06 3.7E-05 4.1E-06 3.2E-05 

Total 1 
(5.7E-01) 

None 
(1.9E-01) 

None 
(3.4E-03) 

None 
(2.6E-01) 

1 
(1.0E+00) 

None 
(2.6E-01)

(a) Public includes non-involved workers  
NA = not available.  The ORR EA (DOE 2001), from which the impact estimates were derived, did not estimate 
the number of accidents.  The totals would be slightly higher than those shown here, if the number of accidents 
involving shipments to ORR were included. 

 4 
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Table H.19. Transportation Impacts of Alternative 1 – MLLW Upper Bound Volume, Number 
of Fatalities 

1 
2 
3  

Radiological Incident-free
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 
Radiological

Accidents 

Number 
of Traffic 
Accidents 

Traffic 
Fatalities

Emissions
(LCFs) 

WRAP 

Wastes ready for disposal 3.5E-03 3.6E-03 1.4E-04 3.3E-02 3.6E-03 2.9E-02 

Waste verification 8.8E-05 2.2E-04 1.5E-05 2.9E-04 3.2E-05 2.5E-04 

Post-treatment verification 1.5E-04 3.9E-04 2.7E-05 5.1E-04 5.6E-05 4.4E-04 

MLLW reclassified as LLW 6.6E-07 1.7E-06 1.1E-07 2.2E-06 2.4E-07 1.9E-06 

Modified T Plant with M-91 Capability 

RH MLLW 5.7E-04 1.4E-03 9.8E-04 1.9E-03 2.1E-04 1.6E-03 

CH Standard (non-thermal) 3.2E-01 9.8E-02 3.6E-07 NA 6.0E-01 3.2E-02 

CH Standard (thermal) 1.1E-01 3.3E-02 1.2E-07 NA 2.0E-01 8.4E-03 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 1.3E-02 1.5E-03 1.2E-02 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 4.6E-04 5.0E-05 4.0E-04 

MLLW Enhanced Trench Design 

3.5E-02 3.6E-02 1.4E-03 3.3E-01 3.6E-02 2.9E-01 

9.0E-03 9.5E-03 3.7E-04 8.7E-02 9.5E-03 7.5E-02 LDR-Compliant Wastes 

4.3E-05 1.1E-04 7.4E-05 8.9E-05 9.8E-06 7.7E-05 

From WRAP verification 4.0E-04 1.0E-03 6.9E-05 1.3E-03 1.5E-04 1.2E-03 

RH MLLW from Mod. T Plant, M-91 8.0E-04 2.0E-03 1.4E-03 2.6E-03 2.9E-04 2.3E-03 

CH Standard (non-thermal) 1.3E-02 1.4E-02 5.6E-04 1.3E-01 1.4E-02 1.1E-01 

CH Standard (thermal) 1.1E-01 3.3E-02 1.2E-07 NA 2.0E-01 8.4E-03 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 2.7E-02 2.9E-03 2.3E-02 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 6.8E-03 7.5E-04 5.9E-03 

Leachate 1.2E-03 1.2E-04 3.9E-06 3.7E-05 4.1E-06 3.2E-05 

Total 1 
(6.1E-01) 

None 
(2.3E-01) 

None 
(5.0E-03) 

1 
(6.4E-01) 

1 
(1.1E+00)

1 
(5.9E-01)

(a)  Public includes non-involved workers. 
NA = not available.  The ORR EA (DOE 2001), from which the impact estimates were derived, did not estimate the 
number of accidents.  The totals would be slightly higher than those shown here if the number of accidents involving 
shipments to ORR were included. 
 4 
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Table H.20.  Transportation Impacts of Alternative 1 – TRU Waste, Number of Fatalities 1 
2  

Radiological Incident-free
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 
Radiological

Accidents 

Number 
of Traffic 
Accidents 

Traffic 
Fatalities

Emissions
(LCFs) 

WRAP 
Retrievably Stored Drums in Trenches 1.2E-04 3.0E-04 3.0E-04 4.0E-04 4.4E-05 3.5E-04 

CH - Standard Containers       

 55-gal Drums  1.7E-03 1.8E-03 1.0E-03 1.6E-02 1.8E-03 1.4E-02 

 SWBs 3.6E-03 3.8E-03 2.2E-03 3.4E-02 3.8E-03 3.0E-02 

Modified T Plant with M-91 Capability 
Retrievably Stored Boxes in Trenches 2.2E-04 5.5E-04 5.5E-04 7.5E-04 8.2E-05 6.5E-04 
Retrievably Stored RH Waste in 
Trenches 5.8E-06 1.4E-05 1.4E-05 1.9E-05 2.1E-06 1.7E-05 
Retrievably Stored in Caissons 7.7E-07 1.9E-06 1.9E-06 2.6E-06 2.8E-07 2.2E-06 
PCB - Commingled TRU 3.1E-06 7.6E-06 7.6E-06 1.0E-05 1.1E-06 8.9E-06 
CH - Non-Standard Containers 3.5E-05 8.6E-05 8.6E-05 1.2E-04 1.3E-05 1.0E-04 
RH - All 7.1E-05 1.7E-04 1.7E-04 2.3E-04 2.6E-05 2.0E-04 

LLBGs 
Empty containers sent to LLBGs for 
disposal 5.5E-06 1.4E-05 9.5E-07 1.8E-05 2.0E-06 1.6E-05 
Drums assayed in WRAP as LLW 4.5E-06 1.1E-05 7.8E-07 1.5E-05 1.6E-06 1.3E-05 
Retrievably Stored Boxes in Trenches 3.4E-05 8.7E-05 5.9E-06 1.1E-04 1.2E-05 9.8E-05 
Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 1 5.5E-07 1.4E-06 9.5E-08 1.8E-06 2.0E-07 1.6E-06 
Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 3 
(includes increase for HICs) 1.1E-06 2.8E-06 1.6E-06 3.6E-06 4.0E-07 3.2E-06 
CH – Non-Standard Containers 3.2E-06 8.1E-06 5.5E-07 1.1E-05 1.2E-06 9.2E-06 
RH – All 6.5E-06 1.7E-05 9.4E-06 2.2E-05 2.4E-06 1.9E-05 

MLLW Trenches 
Retrievably Stored Boxes in Trenches 5.4E-06 1.3E-05 9.3E-07 1.8E-05 2.0E-06 1.6E-05 
Retrievably Stored RH Waste in 
Trenches 8.8E-07 2.2E-06 1.5E-06 2.9E-06 3.2E-07 2.5E-06 

Total None 
(5.8E-03) 

None 
(6.9E-03) 

None 
(4.3E-03) 

None 
(5.3E-02) 

None 
(5.8E-03) 

None 
(4.6E-02) 

(a)  Public includes non-involved workers. 
 3 
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Table H.21. Transportation Impacts of Alternative 2 – MLLW Lower Bound Volume, Number 
of Fatalities 

1 
2 
3  

Radiological Incident-free 
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 
Radiological 

Accidents 

Number 
of Traffic 
Accidents 

Traffic 
Fatalities 

Emissions
(LCFs) 

WRAP 

Wastes ready for disposal 5.3E-05 5.6E-05 2.2E-06 5.1E-04 5.6E-05 4.4E-04 

Waste verification 8.8E-05 2.2E-04 1.5E-05 2.9E-04 3.2E-05 2.5E-04 

Post-treatment verification 1.2E-06 3.0E-06 2.1E-07 4.0E-06 4.4E-07 3.5E-06 

MLLW reclassified as LLW 6.6E-07 1.6E-06 1.1E-07 2.2E-06 2.4E-07 1.9E-06 

New Facility for MLLW Treatment and M-91 Capability 

RH MLLW 4.9E-03 5.2E-03 2.0E-04 4.7E-02 5.2E-03 4.1E-02 

CH Standard (non-thermal) 6.6E-04 1.6E-03 1.1E-04 2.2E-03 2.4E-04 1.9E-03 

CH Standard (alt. to thermal) 5.8E-03 1.8E-03 6.5E-09 NA 1.1E-02 4.5E-04 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 4.4E-04 4.9E-05 3.9E-04 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 1.5E-05 1.7E-06 1.3E-05 

Offsite Commercial Facilities 

CH Standard (thermal) 1.0E-04 1.1E-04 4.2E-06 4.9E-04 5.4E-05 4.2E-04 

MLLW Current Trench Design 

5.6E-04 5.9E-04 2.3E-05 5.4E-03 5.9E-04 4.7E-03 

7.0E-03 7.3E-03 2.9E-04 6.7E-02 7.3E-03 5.8E-02 LDR Compliant Wastes  

4.3E-05 1.1E-04 7.4E-05 8.9E-05 9.8E-06 7.7E-05 

From WRAP verification 6.2E-06 1.6E-05 1.1E-06 2.0E-05 2.2E-06 1.8E-05 

RH MLLW from New M-91 8.0E-04 2.0E-03 1.4E-03 2.6E-03 2.9E-04 2.3E-03 

CH Standard (non-thermal) 1.3E-03 3.2E-03 2.3E-03 4.4E-03 4.8E-04 3.8E-03 

CH Standard (alt. to 
thermal/thermal) 

5.8E-03 1.8E-03 6.5E-09 NA 1.1E-02 4.5E-04 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 8.9E-04 9.7E-05 7.7E-04 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 2.3E-04 2.5E-05 2.0E-04 

Leachate 1.2E-03 1.2E-04 3.9E-06 3.7E-05 4.1E-06 3.2E-05 

Total None 
(1.7E-02) 

None 
(2.1E-02) 

None 
(4.8E-03) 

None 
(1.3E-01)

None 
(1.5E-02) 

None 
(1.2E-01) 

(a)  Public includes non-involved workers. 
 4 
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Table H.22. Transportation Impacts of Alternative 2 – MLLW Upper Bound Volume, Number 
of Fatalities 

1 
2 
3  

Radiological Incident-free
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 
Radiological

Accidents 

Number 
of Traffic 
Accidents

Traffic 
Fatalities 

Emissions 
(LCFs) 

WRAP 

Wastes ready for disposal 3.5E-03 3.6E-03 1.4E-04 3.3E-02 3.6E-03 2.9E-02 

Waste verification 8.8E-05 2.2E-04 1.5E-05 2.9E-04 3.2E-05 2.5E-04 

Post-treatment verification 1.2E-06 3.0E-06 2.1E-07 4.0E-06 4.4E-07 3.5E-06 

MLLW reclassified as LLW 6.6E-07 1.6E-06 1.1E-07 2.2E-06 2.4E-07 1.9E-06 

New Facility for MLLW Treatment and M-91 Capability 

RH MLLW 4.9E-03 5.2E-03 2.0E-04 4.7E-02 5.2E-03 4.1E-02 

CH Standard (non-thermal) 6.6E-04 1.6E-03 1.1E-04 2.2E-03 2.4E-04 1.9E-03 

CH Standard (alt. to thermal) 2.1E-04 5.1E-04 3.6E-05 7.0E-04 7.6E-05 6.0E-04 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 4.4E-04 4.9E-05 3.9E-04 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 1.5E-05 1.7E-06 1.3E-05 

Offsite Commercial Facilities 

CH Standard (thermal) 1.0E-04 1.1E-04 4.2E-06 4.9E-04 5.4E-05 4.2E-04 

MLLW Current Trench Design 

3.5E-02 3.6E-02 1.4E-03 3.3E-01 3.6E-02 2.9E-01 

9.0E-03 9.5E-03 3.7E-04 8.7E-02 9.5E-03 7.5E-02 LDR Compliant Wastes 

4.3E-05 1.1E-04 7.4E-05 8.9E-05 9.8E-06 7.7E-05 

From WRAP verification 4.0E-04 1.0E-03 6.9E-05 1.3E-03 1.5E-04 1.2E-03 

RH MLLW from New M-91 8.0E-04 2.0E-03 1.4E-03 2.6E-03 2.9E-04 2.3E-03 

CH Standard (non-thermal) 1.3E-03 3.2E-03 2.3E-03 4.4E-03 4.8E-04 3.8E-03 

CH Standard (alt. to 
thermal/thermal) 2.2E-04 5.4E-04 3.8E-04 7.3E-04 8.1E-05 6.4E-04 

Elemental Lead 0.0E+00 0.0E+00 0.0E+00 8.9E-04 9.7E-05 7.7E-04 

Elemental Mercury 0.0E+00 0.0E+00 0.0E+00 2.3E-04 2.5E-05 2.0E-04 

Leachate 1.2E-03 1.2E-04 3.9E-06 3.7E-05 4.1E-06 3.2E-05 

Total None 
(5.7E-02) 

None 
(6.4E-02) 

None 
(6.5E-03) 

1 
(5.1E-01) 

None 
(5.6E-02) 

None 
(4.5E-01) 

(a)  Public includes non-involved workers. 
 4 

5 
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Table H.23.  Transportation Impacts of Alternative 2 – TRU Waste, Number of Fatalities 1 
2  

Radiological Incident-free
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 
Radiological

Accident 

Number 
of Traffic 
Accidents 

Traffic 
Fatalities 

Emissions 
(LCFs) 

WRAP 
Retrievably Stored Drums in 
Trenches 1.2E-04 3.0E-04 3.0E-04 4.0E-04 4.4E-05 3.5E-04 
CH - Standard Containers       
 55-gal Drums 1.7E-03 1.8E-03 1.0E-03 1.6E-02 1.8E-03 1.4E-02 
 SWBs 3.6E-03 3.8E-03 2.2E-03 3.4E-02 3.8E-03 3.0E-02 

New Facility with M-91 Capability 
Retrievably Stored Boxes in 
Trenches 2.2E-04 5.5E-04 5.5E-04 7.5E-04 8.2E-05 6.5E-04 
Retrievably Stored RH Waste in 
Trenches 5.8E-06 1.4E-05 1.4E-05 1.9E-05 2.1E-06 1.7E-05 
Retrievably Stored in Caissons 7.7E-07 1.9E-06 1.9E-06 2.6E-06 2.8E-07 2.2E-06 
PCB - Commingled TRU 3.1E-06 7.6E-06 7.6E-06 1.0E-05 1.1E-06 8.9E-06 
CH - Non-Standard Containers 3.5E-05 8.6E-05 8.6E-05 1.2E-04 1.3E-05 1.0E-04 
RH - All 7.1E-05 1.7E-04 1.7E-04 2.3E-04 2.6E-05 2.0E-04 
K Basin Sludge 4.9E-06 4.0E-06 2.9E-07 1.5E-05 1.6E-06 1.3E-05 

LLBGs 
Empty containers sent to LLBG 
for disposal 5.5E-06 1.4E-05 9.5E-07 1.8E-05 2.0E-06 1.6E-05 
Drums assayed in WRAP as LLW 4.5E-06 1.1E-05 7.8E-07 1.5E-05 1.6E-06 1.3E-05 
Retrievably Stored Boxes in 
Trenches 3.4E-05 8.7E-05 5.9E-06 1.1E-04 1.2E-05 9.8E-05 
Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 1 5.5E-07 1.4E-06 9.5E-08 1.8E-06 2.0E-07 1.6E-06 
Retrievably Stored RH Waste in 
Trenches Redesignated as Cat 3 
(includes increase for HICs) 1.1E-06 2.8E-06 1.6E-06 3.6E-06 4.0E-07 3.2E-06 
CH - Non-Standard Containers 3.2E-06 8.1E-06 5.5E-07 1.1E-05 1.2E-06 9.2E-06 
RH - All 6.5E-06 1.7E-05 9.4E-06 2.2E-05 2.4E-06 1.9E-05 

MLLW Trenches 
Retrievably Stored Boxes in 
Trenches 5.4E-06 1.3E-05 9.3E-07 1.8E-05 2.0E-06 1.6E-05 
Retrievably Stored RH Waste in 
Trenches 8.8E-07 2.2E-06 1.5E-06 2.9E-06 3.2E-07 2.5E-06 
Total None 

(5.9E-03) 
None 

(6.9E-03) 
None 

(4.3E-03) 
None 

(5.3E-02) 
None 

(5.8E-03) 
None 

(4.6E-02) 
(a)  Public includes non-involved workers. 
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Table H.24.  Transportation Impacts No Action Alternative – LLW, Number of Fatalities 1 
2  

Radiological Incident-free
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 

Radiological
Accident 

Number 
of Traffic 
Accidents

Traffic 
Fatalities 

Emissions
(LCFs) 

WRAP 
5.1E-04 5.3E-04 2.1E-05 4.9E-03 5.3E-04 4.2E-03 

LLW Cat 1(b) 
9.5E-06 1.0E-05 3.9E-07 9.1E-05 1.0E-05 7.9E-05 

4.3E-04 4.5E-04 6.3E-04 4.1E-03 4.5E-04 3.6E-03 
LLW Cat 3(b) 

1.9E-06 2.0E-06 2.8E-06 1.8E-05 2.0E-06 1.6E-05 

T Plant Complex 

LLW Cat 1 5.0E-06 1.3E-05 8.6E-07 1.6E-05 1.8E-06 1.4E-05 

LLW Cat 3 4.8E-06 1.2E-05 3.2E-05 1.6E-05 1.8E-06 1.4E-05 

Repackage in HICs 
8.3E-03 8.7E-03 1.2E-02 8.0E-02 8.7E-03 6.9E-02 

LLW Cat 3 Direct Disposal 
2.1E-03 2.3E-03 3.2E-03 2.1E-02 2.3E-03 1.8E-02 

LLW Cat 3 from WRAP 4.5E-05 1.1E-04 2.9E-04 1.5E-04 1.6E-05 1.3E-04 

LLW Cat 3 from T Plant 7.3E-06 1.8E-05 4.8E-05 2.4E-05 2.6E-06 2.1E-05 

Trench Grouting 

LLW Cat 3 Direct Disposal 8.3E-03 8.7E-03 1.2E-02 8.0E-02 8.7E-03 6.9E-02 

LLW Cat 3 from WRAP 4.5E-05 1.1E-04 9.8E-05 1.5E-04 1.6E-05 1.3E-04 

LLW Cat 3 from T Plant 7.3E-06 1.8E-05 4.8E-05 2.4E-05 2.6E-06 2.1E-05 

LLBGs 

1.1E-02 1.1E-02 4.4E-04 1.0E-01 1.1E-02 9.0E-02 LLW Cat 1 Direct 
Disposal(b) 4.8E-06 5.0E-06 2.0E-07 4.6E-05 5.0E-06 4.0E-05 

LLW Cat 1 from stream 11 2.1E-05 2.2E-05 8.6E-07 2.0E-04 2.2E-05 1.7E-04 

LLW Cat 1 from WRAP 5.4E-05 1.4E-04 9.4E-06 1.8E-04 2.0E-05 1.6E-04 

LLW Cat 1 from T Plant 7.5E-06 1.9E-05 1.3E-06 2.5E-05 2.7E-06 2.2E-05 

2.5E-02 2.6E-02 3.7E-02 2.4E-01 2.6E-02 2.1E-01 LLW Cat 3 Direct 
Disposal(b) 1.1E-02 1.1E-02 1.6E-02 1.0E-01 1.1E-02 8.9E-02 

LLW Cat 3 from WRAP 1.3E-04 3.4E-04 8.8E-04 4.5E-04 4.9E-05 3.9E-04 

LLW Cat 3 from T Plant 2.2E-05 5.5E-05 1.4E-04 7.2E-05 7.8E-06 6.2E-05 

Total None 
(6.6E-02) 

None 
(7.0E-02) 

None 
(8.3E-02) 

1 
(6.4E-01) 

None 
(7.0E-02) 

1 
(5.5E-01) 

(a) Public includes non-involved workers. 
(b) Split waste streams reflect different verification process in WRAP. 

3 
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Table H.25.  Transportation Impacts of No Action Alternative – MLLW, Number of Fatalities 1 
2  

Radiological Incident-free 
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 

Radiological
Accident 

Number 
of Traffic 
Accidents

Traffic 
Fatalities 

Emissions
(LCFs) 

WRAP 

Wastes ready for disposal 5.3E-05 5.6E-05 2.2E-06 5.1E-04 5.6E-05 4.4E-04 

Waste verification 8.8E-05 2.2E-04 1.5E-05 2.9E-04 3.2E-05 2.5E-04 

Post-treatment verification 1.2E-06 3.1E-06 2.1E-07 4.0E-06 4.4E-07 3.5E-06 

MLLW reclassified as LLW 6.6E-07 1.7E-06 1.1E-07 2.2E-06 2.4E-07 1.9E-06 

Commercial Treatment Facilities 

CH Standard (thermal) 5.8E-03 1.8E-03 6.5E-09 NA 1.1E-02 4.5E-04 

MLLW Existing Trenches 

CH_MLLW 3.3E-05 8.1E-05 5.7E-06 1.1E-04 1.2E-05 9.5E-05 

RH_MLLW 1.5E-03 3.6E-03 2.6E-03 4.9E-03 5.4E-04 4.3E-03 

From WRAP verification 3.7E-06 9.2E-06 6.5E-07 1.2E-05 1.4E-06 1.1E-05 

CH Standard (thermal) 5.8E-03 1.8E-03 6.5E-09 NA 1.1E-02 4.5E-04 

Leachate 1.2E-03 1.2E-04 3.9E-06 3.7E-05 4.1E-06 3.2E-05 

Total None 
(1.4E-02) 

None 
(7.6E-03) 

None 
(2.6E-03) 

None 
(5.9E-03)

None 
(2.2E-02) 

None 
(6.0E-03) 

(a)  Public includes non-involved workers. 
NA = not available.  The ORR EA (DOE 2001), from which the impact estimates were derived, did not estimate the 
number of accidents.  The totals would be slightly higher than those shown here if the number of accidents involving 
shipments to ORR were included. 

3 
4 
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Table H.26.  Transportation Impacts of No Action Alternative – TRU Waste, Number of Fatalities 1 
2  

Radiological Incident-free 
(LCFs) Non-radiological 

Waste Stream Crew Public(a) 

Radiological
Accidents 

Number of 
Traffic 

Accidents 
Traffic 

Fatalities 
Emissions 

(LCFs) 

WRAP 

Retrievably Stored Drums in 
Trenches 1.2E-04 3.0E-04 3.0E-04 4.0E-04 4.4E-05 3.5E-04 

CH - Standard Containers       

 55-gal Drums 1.7E-03 1.8E-03 1.0E-03 1.6E-02 1.8E-03 1.4E-02 

 SWBs 3.6E-03 3.8E-03 2.2E-03 3.4E-02 3.8E-03 3.0E-02 

LLBGs 

TRU drums assayed in trench as 
LLW      

 Empty containers sent to 
LLBG for disposal 5.5E-06 1.4E-05 9.5E-07 1.8E-05 2.0E-06 1.6E-05 

 Drums assayed in WRAP 
as LLW 4.5E-06 1.1E-05 7.8E-07 1.5E-05 1.6E-06 1.3E-05 

Total None 
(5.5E-03) 

None 
(5.9E-03) 

None 
(3.5E-03) 

None 
(5.1E-02) 

None 
(5.6E-03) 

None 
(4.5E-02) 

(a)  Public includes non-involved workers. 

 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

H.3 Impacts of Transporting Construction and Backfill Materials 
 
 This section evaluates the impacts of transporting materials required to construct new facilities, such 
as new disposal trenches, and treatment facilities, as well as materials required to backfill the disposal 
facilities after they are  filled with waste.  The quantities of these materials, which include concrete, 
asphalt, basalt, and concrete, are compiled for each alternative in Section 5.10.  This section evaluates the 
impacts of transporting these materials from their points of origin to the appropriate Hanford Site facility.  
Note that only the non-radiological impacts of transportation accidents are evaluated.  No radiological 
impacts would occur (Rao et al. 1982). 
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1 
2 
3 
4 
5 
6 
7 
8 
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10 
11 
12 
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33 
34 
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 The non-radiological accident impacts of transporting construction materials were calculated by first 
determining the numbers of shipments of each material.  This calculation was done by dividing the total 
material requirements by the capacity of a typical shipment.  Typically, the shipment capacities are 
limited to about 40,000 lb (18,140 kg) of cargo to ensure the shipments are below legal-weight truck 
limits (80,000 lb (36,290 kg) gross vehicle weight in most states).  The next step was to determine the 
total distance traveled by these shipments or the product of the round-trip shipping distance and the 
number of shipments.  Finally, the projected numbers of fatalities were determined by multiplying the 
travel distances times the accident and fatality rates for heavy-combination truck shipping.  The accident 
rate used in this analysis was 1.75E-07 accidents per truck-km (2.8E-07 accidents per truck-mile) and the 
fatality rate was 7.5E-09 fatalities per truck-km (1.2E-08 fatalities per truck-mile).  These rates are 
representative of accident and fatality rates on Washington State primary highways, similar to the 
highways and roadways to be used for most of the shipments. The rates used in this analysis were taken 
from Saricks and Tompkins (1999). 
 
 Table H.27 presents the input data and results of the impact analysis for transport of construction and 
capping materials.  In no case were any fatalities projected to occur associated with transportation of 
construction and capping materials. 
 
H.4 Impacts on Traffic 

 
 The potential for adverse impacts on traffic would be limited to those associated with transport of 
construction materials from offsite, which would be predominantly 4- to 6-lane highways south of the 
Hanford Site; traffic congestion would not be expected.  Transport of the majority of capping resources 
would be onsite as material from Area C would be delivered under State Route (SR) 240 by conveyors to 
a holding area in Area B on the Hanford Site east of SR 240.  For a conservative view, the transportation 
impact analysis assumed all transport of capping material is by truck. 
 
H.5 Summary of Transportation Impacts  
 
 The transportation impacts for all the alternatives evaluated in this EIS are presented in Table H.28.  
The results illustrate the No Action Alternative results in the lowest transportation impacts of all the 
alternatives, primarily because no capping of LLW trenches occurs in the No Action Alternative.  
However, differences between the alternatives are small. 
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Table H.27.  Impacts of Transportation of Construction and Backfill Materials 
 

Alternative/Material Total Material
Shipment 
Capacity 

Total 
Shipments

Shipment 
Source 

One-way 
Distance, mi

Total Miles 
Traveled Accidents Fatalities

Alternative 1 – Lower Bound Volume 

Asphalt - 1,000 m3 (1,000 yd3)          260 (330) 12 yd3 27,500 Offsite 45 2,475,000 7.0E-01 3.0E-02

Gravel/Sand - 1,000 m3 (1,000 yd3)          1,300 (1,800) 20 yd3 90,000 Area C 15 2,700,000 7.6E-01 3.3E-02

Silt/Loam - 1,000 m3 (1,000 yd3)          490 (630) 20 yd3 31,500 Area C 15 945,000 2.7E-01 1.1E-02

Basalt -1,000 m3 (1,000 yd3)          370 (480) 20 yd3 24,000 Area C 15 720,000 2.0E-01 8.7E-03

Steel - tonnes (tons) 2,600 (2,900) 10 tons 290 Unspecified 1000 580,000 1.6E-01 7.0E-03 

Concrete - 1,000 m3 (1,000 yd3)           55 (70) 10 yd3 7,000 Offsite 45 630,000 1.8E-01 7.6E-03

Bentonite - tonnes (tons) 21,500 (23,500) 19 tons 1,237 Wyoming 1000 2,474,000 7.0E-01 3.0E-02 

Total 2.4E+00 None(a) 
(1.0E-01)

Alternative 1 – Upper Bound Volume 

Asphalt - 1,000 m3 (1,000 yd3)          280 (360) 12 yd3 30,000 Offsite 45 2,700,000 7.6E-01 3.3E-02

Gravel/Sand - 1,000 m3 (1,000 yd3)          1,400 (1,900) 20 yd3 95,000 Area C 15 2,850,000 8.0E-01 3.4E-02

Silt/Loam - 1,000 m3 (1,000 yd3)          530 (690) 20 yd3 34,500 Area C 15 1,035,000 2.9E-01 1.2E-02

Basalt -1,000 m3 (1,000 yd3)          400 (520) 20 yd3 26,000 Area C 15 780,000 2.2E-01 9.4E-03

Steel - tonnes (tons) 4,500 (5,000) 10 tons 500 Unspecified 1000 1,000,000 2.8E-01 1.2E-02 

Concrete - 1,000 m3 (1,000 yd3)          78 (100) 10 yd3 10,000 Offsite 45 900,000 2.5E-01 1.1E-02

Bentonite - tonnes (tons) 43,000 (47,000) 19 tons 2,474 Wyoming 1000 4,950,000 1.4E+00 6.0E-02 

Total 4.0E+00 None(a) 
(1.7E-01)
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Table H.27.  (contd) 

Alternative/Material Total Material Shipment 
Capacity 

Total 
Shipments

Shipment 
Source 

One-way 
Distance, mi

Total Miles 
Traveled Accidents Fatalities

Alternative 2 – Lower Bound Volume 

Asphalt - 1,000 m3 (1,000 yd3)          300 (390) 12 yd3 32,500 Offsite 45 2,925,000 8.2E-01 3.5E-02

Gravel/Sand - 1,000 m3 (1,000 yd3)          1,600 (2,000) 20 yd3 100,000 Area C 15 3,000,000 8.4E-01 3.6E-02

Silt/Loam - 1,000 m3 (1,000 yd3)          570 (740) 20 yd3 37,000 Area C 15 1,110,000 3.1E-01 1.3E-02

Basalt -1,000 m3 (1,000 yd3)          430 (560) 20 yd3 28,000 Area C 15 840,000 2.4E-01 1.0E-02

Steel - tonnes (tons) 3,000 (3,300) 10 tons 330 Unspecified 1000 660,000 1.9E-01 8.0E-03 

Concrete - 1,000 m3 (1,000 yd3)           57 (75) 10 yd3 7,500 Offsite 45 675,000 1.9E-01 8.1E-03

Bentonite -tonnes (tons) 24,000 (26,000) 19 tons 1,368 Wyoming 1000 2,740,000 7.7E-01 3.3E-02 

Total 3.4E+00 None(a) 
(1.4E-01)

Alternative 2 – Upper Bound Volume 

Asphalt - 1,000 m3 (1,000 yd3)          350 (460) 12 yd3 38,333 Offsite 45 3,450,000 9.7E-01 4.2E-02

Gravel/Sand - 1,000 m3 (1,000 yd3)          1,800 (2,400) 20 yd3 120,000 Area C 15 3,600,000 1.0E+00 4.3E-02

Silt/Loam - 1,000 m3 (1,000 yd3)          670 (880) 20 yd3 44,000 Area C 15 1,320,000 3.7E-01 1.6E-02

Basalt -1,000 m3 (1,000 yd3)    yd        510 (660) 20 3 33,000 Area C 15 990,000 2.8E-01 1.2E-02

Steel - tonnes (tons) 5,000 (5,600) 10 tons 560 Unspecified 1000 1,120,000 3.2E-01 1.4E-02 

Concrete - 1,000 m3 (1,000 yd3)          97 (100) 10 yd3 10,000 Offsite 45 900,000 2.5E-01 1.1E-02

Bentonite -tonnes (tons) 48,000 (52,000) 19 tons 2,737 Wyoming 1000 5,475,000 1.5E+00 6.6E-02 

Total 4.7E+00 None(a) 
(2.0E-01)
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Table H.27.  (contd) 

Alternative/Material Total Material Shipment 
Capacity 

Total 
Shipments

Shipment 
Source 

One-way 
Distance, mi

Total Miles 
Traveled Accidents Fatalities

No Action 

Asphalt - 1,000 m3 (1,000 yd3)          5.7 (7) 12 yd3 617 Offsite 45 55,500 1.6E-02 6.7E-04

Gravel/Sand - 1,000 m3 (1,000 yd3)          10 (13) 20 yd3 650 Area C 15 19,500 5.5E-03 2.4E-04

Silt/Loam - 1,000 m3 (1,000 yd3)           30 (40) 20 yd3 2,000 Area C 15 60,000 1.7E-02 7.2E-04

Basalt -1,000 m3 (1,000 yd3)          8.1 (11) 20 yd3 550 Area C 15 16,500 4.6E-03 2.0E-04

Steel - tonnes (tons) 9,400 (10,000) 10 tons 1,000 Unspecified 1000 2,000,000 5.6E-01 2.4E-02 

Concrete - 1,000 m3 (1,000 yd3)          86 (110) 10 yd3 11,000 Offsite 45 990,000 2.8E-01 1.2E-02

Bentonite -tonnes (tons) 0 19 tons 0 Wyoming 1000 0 0.0E+00 0.0E+00 

Total 8.8E-01 None(a) 
(3.8E-02)

(a)  Numbers that do not round to one are considered “none”. 

 



 

Table H.28.  Summary of Transportation Impacts – All Alternatives(a) 1 
2  

Radiological Incident-free
(LCFs) Non-radiological 

Waste Type or 
Material Crew Public(b) 

Radiological
Accidents 

(LCFs) 

Number of 
Traffic 

Accidents 
Traffic 

Fatalities 
Emissions 

(LCFs) 
Alternative 1 – Lower Bound Volume 

LLW 6.6E-02 7.0E-02 8.3E-02 6.3E-01 6.9E-02 5.5E-01 
MLLW 5.7E-01 1.5E-01 9.1E-03 7.1E-01 4.8E-01 6.3E-01 
TRU Waste 5.8E-03 6.9E-03 4.3E-03 5.3E-02 5.8E-03 4.6E-02 
Construction Material 0.0E+00 0.0E+00 0.0E+00 3.0E+00 1.3E-01 0.0E+00 
Total 1 

(6.4E-01) 
0 

(2.7E-01) 
0 

(9.0E-02) 
4 

(3.9E+00) 
1 

(1.2E+00) 
1 

(8.6E-01) 
Alternative 1 - Upper Bound Volume 

LLW 1.1E-01 1.2E-01 1.2E-01 1.1E+00 1.2E-01 9.5E-01 
MLLW 6.1E-01 2.3E-01 5.0E-03 6.4E-01 1.1E+00 5.9E-01 
TRU Waste 5.8E-03 6.9E-03 4.3E-03 5.3E-02 5.8E-03 4.6E-02 
Construction Material 0.0E+00 0.0E+00 0.0E+00 4.0E+00 1.7E-01 0.0E+00 
Total 1 

(7.3E-01) 
0 

(3.6E-01) 
0 

(1.3E-01) 
6 

(5.8E+00) 
1 

(1.4E+00) 
2 

(1.6E+00) 
Alternative 2 - Lower Bound Volume 

LLW 6.6E-02 7.0E-02 8.3E-02 6.3E-01 6.9E-02 5.5E-01 
MLLW 1.7E-02 2.1E-02 4.8E-03 1.3E-01 1.5E-02 1.2E-01 
TRU Waste 5.9E-03 6.9E-03 4.3E-03 5.3E-02 5.8E-03 4.6E-02 
Construction Material 0.0E+00 0.0E+00 0.0E+00 3.4E+00 1.4E-01 0.0E+00 
Total 0 

(8.9E-02) 
0 

(9.8E-02) 
0 

(9.2E-02) 
4 

(4.2E+00) 
0 

(2.3E-01) 
1 

(7.1E-01) 
Alternative 2 - Upper Bound Volume 

LLW 1.1E-01 1.2E-01 1.2E-01 1.1E+00 1.2E-01 9.5E-01 
MLLW 5.7E-02 6.4E-02 6.5E-03 5.1E-01 5.6E-02 4.5E-01 
TRU Waste 5.9E-03 6.9E-03 4.3E-03 5.3E-02 5.8E-03 4.6E-02 
Construction Material 0.0E+00 0.0E+00 0.0E+00 4.7E+00 2.0E-01 0.0E+00 
Total 0 

(1.8E-01) 
0 

(1.9E-01) 
0 

(1.3E-01) 
6 

(6.4E+00) 
0 

(3.8E-01) 
1 

(1.4E+00) 
No Action 

LLW 6.6E-02 7.0E-02 8.3E-02 6.4E-01 7.0E-02 5.5E-01 
MLLW 1.4E-02 7.6E-03 2.6E-03 5.9E-03 2.2E-02 6.0E-03 
TRU Waste 5.5E-03 5.9E-03 3.5E-03 5.1E-02 5.6E-03 4.5E-02 
Construction Material 0.0E+00 0.0E+00 0.0E+00 8.8E-01 3.2E-02 0.0E+00 
Total 0 

(8.6E-02) 
0 

(8.4E-02) 
0 

(8.9E-02) 
2 

(1.6E+00) 
0 

(1.3E-01) 
1 

(6.0E-01) 
(a)  See Section 5.8.2 for an explanation of the information in this table. 
(b)  Public includes non-involved workers. 
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H.6 Results of Hazardous Chemical Impact Analysis 1 
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 Downwind concentrations of hazardous chemicals released from a severe transportation accident are 
presented in this section.  The resulting chemical concentrations are put in perspective by comparing them 
to safe exposure levels.  The methods used are standard facility safety analysis techniques and are proven 
methods for assessing potential health effects from accidental releases of hazardous chemical materials. 
 
 The chemical inventories of several solid waste materials to be transported to and on the Hanford Site 
are shown in Table H.15.  The downwind concentrations shown in Table H.29 were calculated assuming 
a maximum inventory 55-gal drum is involved in a severe accident and releases 0.5 percent of the total 
inventory of each hazardous chemical as respirable particles into the environment.  The downwind 
concentrations are then compared to Temporary Emergency Exposure Limit-2 (TEEL-2) values given by 
Craig (2001).  The TEEL-2 definition follows. 
 

TEEL-2:  The maximum concentration in air below which it is believed nearly all individuals could 
be exposed without experiencing or developing irreversible or other serious health effects or 
symptoms that could impair their abilities to take protective action. 

 
 TEEL-2 values are used here, addition to the more widely accepted Emergency Response Planning 
Guidelines (ERPGs), because ERPG values do not exist for some of the chemicals listed in Table H.15.  
TEEL values are interim replacements for the peer-reviewed ERPG values and may be used when ERPG 
values are not available.  TEEL-2 is analogous to ERPG-2, defined as follows: 
 

ERPG-2:  The maximum concentration in air below which it is believed nearly all individuals could 
be exposed for up to one hour without experiencing or developing irreversible or other serious health 
effects or symptoms that could impair their abilities to take protective action. 

 
 The results of the hazardous chemical concentration calculations are shown in Table H.29.  The 
results indicate that downwind concentrations of only four hazardous chemicals would exceed the 
TEEL-2 guidelines following a severe transportation accident involving a maximum inventory 55-gal 
drum.  These four chemicals are elemental lead, elemental mercury, methyl ethyl ketone (synonym, 
2-butanone), and beryllium.  For these four chemicals, the Immediately Dangerous to Life and Health 
(IDLH) values are provided in the table for additional perspective.  IDLH concentrations are defined as 
follows: 
 

IDLH:  The maximum concentration from which, in the event of respirator failure, a person could 
escape within 30 minutes without a respirator and without experiencing any escape-impairing (for 
example, severe eye irritation) or irreversible health effects. 

 
 The IDLH values are driven by worker safety requirements, as indicated by the language on respirator 
failure. 
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 The downwind concentrations of all four of the IDLH chemicals are well below their respective 
IDLH values.  Based on these observations, the conclusion is that releases of hazardous chemicals from 
transportation accidents are unlikely to result in a fatality. 
 

Table H.29. Hazardous Chemical Concentrations 100 m (109 yd) Downwind from Severe 
Transportation Accidents 

 
Concentration, mg/m3 

Hazardous 
Constituent 

TEEL-2 
Value(a) MLLW(b) TRU Waste(b)

Elemental 
Mercury  

Elemental 
Lead Comments(c) 

Acetone 8500 0.49 0 0 0.004  
Ammonium Fluoride 12.5 0.19 0 0 0  
Ammonium Nitrate 50 0.19 0 0 0  
Ammonium Sulfate 500 0.38 0 0 0  
Beryllium 0.025 0.14 0.0049 0 0 IDLH = 10 mg/m3 

Butyl Alcohol 50 0.03 0.012 0 0  
Carbon Tetrachloride 100 0.89 0.024 0 0  
Cyclohexane 1300 0.09 0 0 0  
Ethanol 3300 0.49 0.0049 0 0  
Hydrazine 0.8 0.21 0 0 0  
Isopropyl Alcohol 400 0.71 0 0 0  
Lead 0.25 0 0 0 5.0 IDLH = 700 mg/m3 

Mercury 0.1 0 0 0.67 0 IDLH = 10 mg/m3 
Methanol 1000 0.95 0 0 0  
Methyl Ethyl Ketone 0.2 0.58 0 0 0 IDLH = 9000 mg/m3 

Methyl Isobutyl 
Ketone 

500 0.80 0 0 0  

Nitric Acid 15 1.48 0.0049 0 0  
Phosphoric Acid 500 1.27 0.0073 0 0  
Potassium Hydroxide 2 1.37 0 0 0  
Propane 2100 0 0.0097 0 0  
Sodium Hydroxide 40 1.86 0.15 0 0  
Styrene 250 0.04 0 0 0  
Sulfuric Acid 10 0.08 0.036 0 0  
Tetrahydrofuran 2000 0.07 0 0 0  
Toluene 300 2.53 0 0 0  
Uranium 1 0.009 0 0 0  
Xylene 200 1.26 0.10 0 0  
(a) Source:  Craig (2001). 
(b) Inventories bound quantities for either CH or RH waste 
(c) IDLH = Immediately Dangerous to Life and Health.  Source:  National Institute for Occupational Safety and 

Health (NIOSH 1990). 
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 The downwind hazardous chemical concentrations are calculated for a person 100 m (109 yd) away 
from the release point.  This assumption is conservative for a member of the public, either offsite or 
onsite, who is unlikely to be 100 m (109 yd) from the release point for the entire duration of the release.  
Furthermore, the maximum hazardous chemical concentrations (referred to as the maximum drum) have 
been modeled.  This model includes, in the case of MLLW, more than 20 hazardous chemicals.  It is 
extremely unlikely that any single 55-gallon drum would contain the maximum concentrations of all 20 or 
more hazardous chemicals.  This information provides additional evidence that results shown in 
Table H.29 are bounding. 
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Ecological Resources 
 
 
 Appendix I provides additional information regarding potential impacts to terrestrial and aquatic 
ecological resources that may result from implementation of Alternative 1, Alternative 2, or the No 
Action Alternative.  Potential impacts to terrestrial resources would occur in the near-term, i.e., during 
waste management operations and under current conditions.  These relate primarily to surface disturbance 
associated with the Low Level Burial Grounds (LLBGs); Area C from which capping materials would be 
obtained and the associated stockpile area and conveyance road; and construction sites for the additional 
Central Waste Complex (CWC) facilities and new M-91 facility.  Potential impacts to Columbia River 
riparian and aquatic resources would occur in the long-term, i.e., up to 10,000 years following the 
conclusion of waste management operations.  These relate primarily to the eventual migration of 
radionuclides and other hazardous chemicals through the vadose zone, to groundwater, and on to the 
river. 
 
I.1 Introduction 
 
 The Hanford rangefire of June 2000 (24 Command Fire) burned 163,884 acres on central Hanford 
and the Fitzner/Eberhardt Arid Lands Ecology Reserve (ALE) (Baker 2000).  The fire covered the 
200 West Expansion Area, some of which has been identified for construction of the additional CWC 
facilities and the new facility for the M-91 Capability; and a large area west and south of that location, 
including Area C.  The fire did not affect the LLBGs in the 200 West Area (although some of these 
border the 200 West Expansion Area), nor did it reach the 200 East Area. 
 
 The ecological implications of this rangefire have largely not been investigated.  In general, 
approximately 85 percent of the burned area experienced severe fire intensity, resulting in complete 
destruction of all vegetation and organic litter on the soil surface (Baker 2000).  In moderately burned 
areas, there was partial removal of the shrub layer and understory.  Many of the severely and moderately 
burned areas have since been colonized by alien annual weeds, such as Russian thistle (Salsola kali) and 
cheatgrass (Bromus tectorum). 
 
 The most severely burned areas, particularly west and southwest of the 200 West Area (including the 
area identified for construction of the additional CWC facilities and the new facility for the M-91 
Capability), were and continue to be severely eroded by wind (Becker and Sackschewsky 2001a; Becker 
and Sackschewsky 2001b; Sackschewsky and Becker 2001).  Much of the topsoil, and likely much of the 
buried seed (Baker 2000), has been removed.  Plant communities in these areas, particularly the shrub 
components, may not recover before project-related surface disturbance because of a lack of buried seed 
(Baker 2000), relatively long distances to upwind seed sources, continued wind erosion, and competition 
by weedy species. 
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 In contrast, some of the pre-fire shrub and understory vegetation in the moderately burned areas 
(including most of Area C) was not removed or is recovering, and these areas have not been affected as 
severely by wind erosion.  These plant communities have thus likely retained more of their buried seed 
than those that were severely burned, which may germinate when conditions are suitable.  Consequently, 
some of these communities are expected to partially or fully recover before project-related disturbance, 
notwithstanding competition by weedy species. 
 
I.2 Impacts to Terrestrial Resources Resulting from 

Surface Disturbance 
 
I.2.1 Alternative 1 
 
 LLBGs in the 200 East Area – Habitats and Plants.  The LLBGs in the 200 East Area are currently 
surveyed annually consistent with the DOE Ecological Compliance Assessment Management Plan 
(ECAMP) (DOE-RL 1995).  Most of the original vegetation in the 218-E-10 and 218-E-12B LLBGs in 
the 200 East Area has been cleared.  Cheatgrass and Sandberg’s bluegrass (Poa sandbergii), a native 
perennial, dominate approximately two-thirds of these LLBGs.  Crested wheatgrass (Agropyron 
cristatum), a non-native perennial planted for reclamation purposes, dominates the other third 
(Sackschewsky 2001).  The 218-E-10 and 218-E-12B LLBGs receive regular herbicide applications, and 
thus have essentially no habitat value for native species.  Consequently, continued use of these LLBGs, or 
new disturbance of the extant plant communities within them, would not result in the loss of any habitats 
designated by Washington State as priority habitats (DOE-RL 1996).  However, native habitats could 
develop if herbicide spraying ceases.   
 
 Two plant species of concern have been observed within the 200 East Area LLBGs, the most notable 
of which is Piper’s daisy (Erigeron piperianus).  Piper’s daisy is listed by the State of Washington as 
sensitive and, as such, is a Level III resource under the Hanford Site Biological Resources Management 
Plan (BRMaP) (DOE-RL 2001).  This species was observed on the 218-E-12B and 218-E-10 LLBGs 
during the spring of 1999 (Brandt 1999) but not in the spring of 2000 or 2001 (Sackschewsky 2000 and 
2001).  Piper’s daisy populations on these two LLBGs have been reduced or eliminated, likely as a result 
of regular herbicide applications.  However, these populations could regenerate from buried seed, 
particularly if herbicide spraying ceases. 
 
 The other plant species of concern observed within the 200 East LLBGs is crouching milkvetch 
(Astragalus succumbens), a Washington State Watch List species.  This species was observed in the 
spring of 2000 and 2001 within Trench 94 in the 218-E-12B LLBG and on the northeast side of the 
218-E-10 LLBG (Sackschewsky 2000 and 2001).  Crouching milkvetch is relatively common on the 
200 Area Plateau.  Therefore, disturbance of those individuals on the 218-E-12B and 218-E-10 LLBGs 
would not likely adversely affect the overall local population. 
 
 LLBGs in the 200 West Area – Habitats and Plants.  The LLBGs in the 200 West Area are 
currently surveyed annually consistent with ECAMP (DOE-RL 1995).  The 218-W-3A, 218-W-3E, 218-
W-4B, and 218-W-5 LLBGs in the 200 West Area are very sparsely colonized by cheatgrass, Russian 
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thistle, and crested wheatgrass (Sackschewsky 2001).  These LLBGs receive regular herbicide applica-
tions, and thus have essentially no habitat value for native species.  Consequently, continued use of these 
LLBGs, or new disturbance of the extant plant communities within them, would not result in the loss of 
any habitats designated by Washington State as priority habitat (DOE-RL 1996).  However, native 
habitats could develop if herbicide spraying ceases.   
 
 Most of the developed portion of the 218-W-4C LLBG, bounded on the west by Dayton Avenue and 
on the north and south by 19th and 16th streets, respectively, is highly disturbed with a sparse cover of 
cheatgrass.  However, some portions of this LLBG presently have relatively thick stands of Indian 
ricegrass (Oryzopsis hymenoides) and needle-and-thread grass (Stipa comata), both native perennial 
species (Sackschewsky 2001).  This developed portion of the 218-W-4C LLBG receives regular herbicide 
applications, and thus has essentially no habitat value for native species.  Consequently, continued use of 
the developed portion of the 218-W-4C LLBG, or new disturbance of the extant plant communities within 
it, would not result in the loss of any habitats designated by Washington State as priority habitat 
(DOE-RL 1996).  However, native habitats could develop if herbicide spraying ceases.   
 
 The undeveloped, southeastern portion of the 218-W-4C LLBG, along 16th Street east of W77269, 
is dominated by mature big sagebrush (Artemisia tridentata), with gray and green rabbitbrush 
(Chrysothmnus nauseosus and C. viscidiflorus) as minor overstory components.  The understory consists 
primarily of cheatgrass, crested wheatgrass, and needle-and-thread grass.  Development of the 
southeastern portion of the 218-W-4C LLBG would result in the loss of sagebrush steppe, considered a 
priority habitat by the State of Washington (DOE-RL 1996) and a Level III resource under BRMaP 
(DOE-RL 2001).   
 
 One plant species of concern has been observed within the 200 West LLBGs, stalked-pod milkvetch 
(Astragalus sclerocarpus), a Washington State Watch List species.  Stalked-pod milkvetch was observed 
in the spring of 2000 and 2001 at the extreme western edge of the 218-W-5 LLBG and within the 
undeveloped portion of the 218-W-4C LLBG (Sackschewsky 2000 and 2001).  Stalked-pod milkvetch is 
relatively common on the 200 Area Plateau.  Therefore, disturbance of those individuals on the 218-W-5 
and 218-W-4C LLBGs would not likely adversely affect the overall local population. 
 
 LLBGs in the 200 East and 200 West Areas – Wildlife.  Wildlife that could be impacted by 
disturbance of the 200 East and 200 West LLBGs includes the Great Basin pocket mouse (Perognathus 
parvus), side-blotched lizard (Uta stansburiana), and several migratory bird species.  Ground-nesting 
birds that have been observed, and that may nest within the 200 East and 200 West LLBGs, include the 
horned lark (Eremophila alpestris), killdeer (Charadrius vociferous), long-billed curlew (Numenius 
americanus), and western meadowlark (Sturnella neglecta) (Sackschewsky 2001).  Ground disturbance 
during the nesting season, generally March through July, could destroy eggs and young and temporarily 
displace nesting individuals into other areas of the Hanford Site.  The nests, eggs, and young of migratory 
birds are protected under the Migratory Bird Treaty Act (16 USC 703-712, July 3, 1918, as amended).  
Protection is generally accomplished by conducting ground-disturbing activities outside the nesting 
season, generally August through February. 
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• needle-and-thread grass/Indian ricegrass 
• big sagebrush/needle-and-thread grass 
• bluebunch wheatgrass (Agropyron spicatum)/Sandberg’s bluegrass 
• rabbitbrush (Chrysothamnus spp.)/bunchgrass mosaic 
• Sandberg’s bluegrass/cheatgrass 
• big sagebrush/Sandberg’s bluegrass/cheatgrass 
• abandoned old agricultural fields 
• disturbed (inactive borrow pit) (Figure I.1). 

 
 Needle-and-Thread Grass/Indian Ricegrass.  The pre-fire needle-and-thread grass/Indian ricegrass 
community was designated a potential bitterbrush (Purshia tridentata)/Indian ricegrass sand dune 
complex community (Figure I.2) by The Nature Conservancy (TNC) of Washington.  A potential plant 
community is one that, with the passage of time, is projected to dominate an undisturbed site, based on 
climate and other abiotic factors (Soll and Soper 1996).  Thus, development of the potential 
bitterbrush/Indian ricegrass community is based on long-term colonization by bitterbrush and eventual 
domination of the understory by Indian ricegrass. 
 
 The pre-fire needle-and-thread grass/Indian ricegrass community was designated an “element 
occurrence” of the bitterbrush/Indian ricegrass sand dune complex community type (Figure I.3).  An 
element occurrence of a community type is one that meets the minimum standards set by the State of 
Washington Natural Heritage Program (NHP) for ecological condition, size, and the surrounding 
landscape.  Element occurrences are generally considered to be of significant conservation value from a 
state and/or regional perspective.  More specifically, element occurrences on the Hanford Site may be 
considered integral to the preservation and sustenance of biodiversity in the Columbia Basin shrub-steppe.  
Element occurrences are tracked by the NHP. 
 
 Element occurrences are designated Level IV resources in BRMaP (DOE-RL 2001), the highest level 
of resource designation at the Hanford Site.  Element occurrences, because of their regional significance, 
justify preservation as the primary management option, and impacts to these should be avoided where 
possible (DOE-RL 2001). 
 
 The Hanford rangefire appears not to have changed the composition of the dominant species of the 
pre-fire needle-and-thread grass/Indian ricegrass community, based on observations made in the field in 
February 2002 (Sackschewsky 2002a).  Therefore, this community is expected to readily recover to its 
pre-fire condition before the start of new construction; however, it is very unlikely that it will become a 
bitterbrush/Indian ricegrass community within this time frame. 
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Figure I.1. Plant Communities in Area C Before the Hanford Rangefire of June 2000 (Data collected:  

1994 and 1997 by TNC and 1991 and 1999 by Pacific Northwest National Laboratory 
[PNNL].  Map created:  January 2002 by PNNL). 

 
 Big Sagebrush/Needle-and-Thread Grass.  No potential (more advanced) community type has been 
designated by TNC for this pre-fire big sagebrush/needle-and-thread grass community (Figure I.2) (Soll 
and Soper 1996).  This pre-fire community was designated an element occurrence (Figure I.3) (Soll and 
Soper 1996).  However, big sagebrush may have been absent in the pre-fire community, based on 
observations made in the field in February 2002 (Sackschewsky 2002a), during which no burned shrub 
stumps and virtually no other burned shrub residue (e.g., branches) were observed.  This indicates that big 
sagebrush was, at best, a very negligible component of the pre-fire community.  Therefore, its designation 
as an element occurrence may have been incorrect.  A more detailed field survey is planned for spring 
2002 to gather sufficient information to re-evaluate this community’s designation as an element 
occurrence. 
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Figure I.2. Potential Plant Communities in Area C (Data collected:  1994 and 1997 by TNC and 1991 

and 1999 by PNNL.  Map created:  January 2002 by PNNL). 
 
 Bluebunch Wheatgrass/Sandberg’s Bluegrass.  The pre-fire bluebunch wheatgrass/Sandberg’s 
bluegrass community, designated a potential big sagebrush/bluebunch wheatgrass community (Figure I.2) 
by Soll and Soper (1996), was designated an element occurrence of the same (Figure I.3) (Soll and 
Soper 1996). 
 
 However, bluebunch wheatgrass may have been absent in the pre-fire community, based on 
observations made in the field in February 2002 (Sackschewsky 2002a), during which neither living 
plants nor burned residue of similar-sized bunchgrasses were observed.  Therefore, its designation as an 
element occurrence may have been incorrect.  A more detailed field survey is planned for Spring 2002 to 
gather sufficient information to re-evaluate this community’s designation as an element occurrence. 
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Figure I.3. Element Occurrences of Plant Community Types in Area C (Data collected:  1994, 1995, 

and 1997 by TNC and 1996 by NHP.  Map created:  January 2002 by PNNL). 
 
 Rabbitbrush/Bunchgrass Mosaic.  This pre-fire rabbitbrush/bunchgrass mosaic community has 
been designated a potential bitterbrush/Indian ricegrass sand dune complex community (Figure I.2) by 
Soll and Soper (1996).  Scattered burned and living rabbitbrush and bunchgrasses were observed during 
observations made in this area in February 2002 (Sackschewsky 2002a).  Therefore, this community 
might be expected to recover to its pre-fire condition (i.e., a rabbitbrush/bunchgrass mosaic community) 
before the start of new construction.  
 
 Sandberg’s Bluegrass/Cheatgrass.  This area was designated a potential big sagebrush/cheatgrass 
community (Figure I.2) by Soll and Soper (1996).  Based on observations made in the field in 
February 2002 (Sackschewsky 2002a), this community currently consists largely of alien annual weeds, 
such as cheatgrass, blue mustard (Chorispora tenella), and Jim Hill’s tumble mustard (Sisymbrium 
altissimum).  Widely scattered mature big sagebrush (<1% cover in the area of its occurrence), 
approximately 10 percent of which were alive, were observed in the southeastern portion of this 
community, within approximately 200 m (656 ft) of the border of Area C.  This portion of the community 
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is currently occupied by some widely scattered live mature sagebrush and might succeed to its potential as 
big sagebrush/cheatgrass before the start of new construction. 
 
 Living, mature sagebrush are currently scarce and are very limited in distribution on the southeastern 
portion of Area C.  Given this, and the relatively long upwind distance to external seed sources, the 
potential for sagebrush colonization of the remainder of the community is expected to be low before the 
start of new construction. 
 
 Big Sagebrush/Sandberg’s Bluegrass/Cheatgrass.  This area was designated a potential big 
sagebrush/cheatgrass community (Figure I.2) by Soll and Soper (1996).  Based on observations made in 
the field in February 2002 (Sackschewsky 2002a), the current community may best be described as 
cheatgrass/Sandberg’s bluegrass.  There was no evidence of big sagebrush recovery in this area. 
 
 Abandoned Old Agricultural Fields.  This area was designated a potential big sagebrush/cheatgrass 
community (Figure I.2) by Soll and Soper (1996).  Based on observations made in the field in February 
2002 (Sackschewsky 2002a), the current community may best be described as cheatgrass/Sandberg’s 
bluegrass.  There was no evidence of sagebrush colonization of this area.  The potential for sagebrush 
colonization of this community is expected to be low before the start of new construction.   
 
 Disturbed (Inactive Borrow Pit).  Based on observations made in the field in February 2002 
(Sackschewsky 2002a), the inactive borrow pit was virtually unaffected by the Hanford rangefire of 
June 2000, although vegetation all around it was removed.  The current plant community occupies the 
rim of the pit and the gentle-sloping south side, and is best described as gray rabbitbrush-big sagebrush/ 
cheatgrass.  Because the overstory is dominated by rabbitbrush and sagebrush is sub-dominant, this 
community could be considered a Level II resource under BRMaP (DOE-RL 2001) at this time. 
 
 Area C (Impacts to Species).  According to Soll and Soper (1996), there is a rare plant population of 
an unnamed species located within Area C.  However, the presence of this population cannot be 
confirmed, as it is not referenced in the BRMaP (DOE-RL 2001).  To date, this discrepancy has not been 
completely resolved.  However, it has been provisionally determined that this population does not exist, 
based on the fact that its purported location does not correspond to any of the areas searched by TNC 
during the rare plant surveys it conducted on ALE in the 1990s. 
 
 The observations made in the field in February 2002 (Sackschewsky 2002a) were insufficient, 
because of time of year, to identify many of the plant species present within the above habitats of Area C.  
In addition, most of the wildlife that occupies these habitats during the growing season was either inactive 
or not present during the February survey.  A detailed survey is planned for Spring 2002 in order to 
evaluate potential impacts to plant and animal species of concern and to establish the presence/absence of 
the rare plant population discussed above. 
 
 Stockpile Area and Conveyance Road (Impacts to Habitats).  Habitat at the location identified for 
the stockpile area and conveyance road north of State Route (SR) 240 has not been surveyed.  However, 
it was severely burned in the Hanford rangefire of June 2000, and thus consists primarily of bare ground 
and alien annual weeds.  This area continues to be severely eroded by wind (Becker and 
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Sackschewsky 2001a; Becker and Sackschewsky 2001b; Sackschewsky and Becker 2001).  Much of the 
topsoil, and likely much of the buried seed (Baker 2000), has been removed.  Because of a lack of buried 
seed, relatively long distances to external upwind seed sources, continued wind erosion, and competition 
by weedy species, sagebrush recovery is expected to be minimal within the time frame before the start of 
new construction. 
 
 Stockpile Area and Conveyance Road (Impacts to Species).  The location identified for the stock-
pile area and conveyance road north of SR 240 has not been surveyed.  However, because it was severely 
burned in the Hanford rangefire of June 2000 and consists primarily of bare ground and alien annual 
weeds, it likely supports few species.  A survey is planned for Spring 2002 to evaluate impacts to plant 
and animal species of concern. 
 
I.2.2 Alternative 2 
 
 LLBGs in the 200 East and 200 West Area.  No other impacts, in addition to those described for 
habitats and plant and animal species under Alternative 1, are expected to occur under Alternative 2.  
No other field surveys, in addition those described under Alternative 1, would be required under 
Alternative 2. 
 
 Area C.  No other impacts to habitats and species, in addition to those described under Alternative 1 
are expected to occur under Alternative 2.  No other field surveys, in addition those described under 
Alternative 1, would be required under Alternative 2. 
 
 Stockpile Area and Conveyance Road.  No other impacts to habitats and species, in addition to 
those described under Alternative 1 are expected to occur under Alternative 2.  No other field surveys, in 
addition those described under Alternative 1, would be required under Alternative 2. 
 
 New Facility for M-91 Capability (Impacts to Habitats).  The area identified for construction of 
the new facility for the M-91 Capability consisted of mature big sagebrush habitat before the Hanford 
rangefire of June 2000.  Based on observations made in the field in February 2002, the current community 
consists primarily of bare ground and widely scattered Russian thistle and bur ragweed (Ambrosia 
acanthacarpa), a native annual weed.  There was no evidence of sagebrush recovery in this area.  
 
 This area was severely burned and continues to be severely eroded by wind (Becker and 
Sackschewsky 2001a, Becker and Sackschewsky 2001b, Sackschewsky and Becker 2001).  Much of the 
topsoil, and likely much of the buried seed (Baker 2000), has been removed.  Because of a lack of buried 
seed, relatively long distances to external upwind seed sources, continued wind erosion, and competition 
by weedy species, sagebrush recovery is expected to be minimal within the time frame before the start of 
new construction. 
 
 New Facility for M-91 Capability (Impacts to Species).  The observations made in the field in 
February 2002 were insufficient, because of time of year, to identify the few plant species currently re-
colonizing this area.  In addition, the few wildlife species that occupy this depauperate habitat during the 
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growing season were either inactive or not present during the February 2002 survey.  A survey is planned 
for Spring 2002 to evaluate impacts to plant and animal species of concern. 
 
I.2.3 No Action Alternative 
 
 Area C.  No other impacts to habitats and species, in addition to those described under Alternative 1 
are expected to occur under the No Action alternative.  No other field surveys, in addition those described 
under Alternative 1, would be required under No Action alternative. However disturbance would amount 
to only about 3 percent of that required for Alternative 2 as only the MLLW trenches would be capped in 
the No Action Alternative. 
 
 Stockpile Area and Conveyance Road.  No other impacts to habitats and species, in addition to 
those described under Alternative 1 are expected to occur under the No Action alternative.  No other field 
surveys, in addition those described under Alternative 1, would be required under No Action alternative. 
 
 Additional CWC Buildings (Impacts to Habitats).  The area identified for construction of the 
additional CWC buildings consisted of mature big sagebrush habitat before the Hanford rangefire of June 
2000.  Based on observations made in the field in February 2002 (Sackschewsky 2002b), the current 
community consists primarily of bare ground and widely scattered weedy species (e.g., Russian thistle, 
cheatgrass).  There was no evidence of sagebrush recovery in this area. 
 
 This area was severely burned and continues to be severely eroded by wind (Becker and 
Sackschewsky 2001a, Becker and Sackschewsky 2001b, Sackschewsky and Becker 2001).  Much of the 
topsoil, and likely much of the buried seed (Baker 2000), has been removed.  Because of a lack of buried 
seed, relatively long distances to external upwind seed sources, continued wind erosion, and competition 
by weedy species, sagebrush recovery is expected to be minimal within the time frame before the start of 
new construction. 
 
 Additional CWC Buildings (Impacts to Species).  One plant species of concern has been observed 
in this area, stalked-pod milkvetch.  This species was last observed in the spring of 2000 during field 
surveys in support of ECAMP (DOE-RL 1995).  Stalked-pod milkvetch is relatively common on the 
200 Areas Plateau.  Therefore, disturbance of individuals in the area identified for construction of the 
additional Central Waste Complex facilities would not likely adversely affect the overall local population. 
 
 The observations made in the field in February 2002 (Sackschewsky 2002b) were insufficient, 
because of time of year, to identify the few plant species currently re-colonizing this area.  In addition, the 
few wildlife species that occupy this depauperate habitat during the growing season were either inactive 
or not present during the February survey.  A survey is planned for Spring 2002 to evaluate impacts to 
plant and animal species of concern. 
 

Draft HSW EIS April 2002 I.10 
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 Potential impacts posed by contaminants to aquatic and terrestrial species known to occur in the 
Columbia River and its riparian communities were analyzed in an ecological risk assessment framework.  
Risk was analyzed using the Ecological Contaminant Exposure Model (ECEM) and predicted peak 
concentrations of key radionuclides at a hypothetical well along the river within 10,000 years of 2046 
(Table I.1).  These radionuclides were evaluated for their combined radiological toxicity.  In addition, 
total uranium was evaluated for its chemical toxicity. 
 
Table I.1. Total Peak Concentration (pCi/L) of Key Radionuclides at the Hypothetical Near-River Well 

within 10,000 Years of 2046 
 
EIS Alternative C-14 I-129 Tc-99 U-234 U-235 U-236 U-238 
Alternative 1 
(upper bound) 

4.30E-01 1.70E-01 1.31E+02 2.00E-02 1.38E-03 5.20E-04 2.80E-02 

Alternative 2 
(upper bound) 

1.25+01 1.70E-01 3.94+01 4.00E-02 1.84E-03 5.29E-04 5.00E-02 

No Action 
Alternative 

1.61E+00 4.24E+00 2.56E+01 1.6E-01 4.69E-03 2.08E-02 2.32E-01 
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 This risk assessment generally follows U.S. Environmental Protection Agency (EPA) guidance for 
conducting such assessments (EPA 1992 and 1998).  Two exposure scenarios were evaluated, Hanford 
contribution (hereafter Hanford) and Hanford plus background.  The assumptions used to derive the 
abiotic media concentrations used in these two scenarios are summarized in Table I.2. 
 
 In both scenarios, predicted peak radionuclide concentrations (Table I.1) are released from ground-
water into the river via seeps, and the background groundwater contribution is assumed to be zero 
(Table I.2).  Since seeps are located below the high water mark and river water levels fluctuate  
 
Table I.2. Summary of Assumptions Used to Derive Abotic Media Concentrations Used in the Hanford 

and Hanford Plus Background Exposure Scenarios 
 

Exposure Scenario 
Hanford Contribution Hanford Contribution plus Background 

groundwater = Table I.1 groundwater = Table I.1 
seep water = mix of 48% groundwater and 52% surface 
water (groundwater as in Table I.1 x 3.03E-5) 

seep water = mix of 48% groundwater and 52% surface 
water (groundwater as in Table I.1 x 3.03E-5 + 
background surface water) 

soil = seep water x Kd soil = seep water x Kd 
pore water = groundwater pore water = groundwater + background surface water 
sediment = pore water x Kd sediment = pore water x Kd 
surface water = groundwater as in Table I.1 x 3.03E-5 surface water = groundwater as in Table I.1 x 3.03E-5 + 

background surface water 

27 
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substantially, seep concentrations are based on mixing groundwater and surface water at a ratio of 
approximately 0.48:0.52, respectively (Table I.2) (Kincaid et al. 2000).  Hanford surface water 
concentrations are assumed to consist of groundwater concentrations diluted by the approximate release 
rate of the seeps (0.1 m
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3/s) and the approximate annual average flow rate of the river (3,300 m3/s) 
(Table I.2).  Background surface water concentrations for I-129, Tc-99, U-234, U-235, U-236, and U-238 
were obtained from Kincaid et al. (2000).  Background surface water concentrations for C-14 were 
obtained from DOE-RL (1998).  Soil concentrations were calculated by multiplying seep concentrations 
by partition coefficients (Kd) (Table I.2).  Hanford pore water (water in the interstitial spaces of the river 
bottom substrate) concentrations were assumed equal to groundwater concentrations (Table I.2).  
Background pore water concentrations were assumed equal only to background surface water 
concentrations (Table I.2), since the background groundwater contribution is assumed to be zero.  
Sediment concentrations were calculated by multiplying pore water concentrations by partition 
coefficients (Kd).  “Best” estimates were used for soil and sediment Kd values. 
 
 ECEM was developed earlier for other more complex risk assessments of Columbia River biota 
(DOE-RL 1998 and Kincaid et al. 2000) and is thus based on a Hanford-Site-specific food web 
architecture.  ECEM consists of two parts, terrestrial and aquatic.  The terrestrial portion estimates 
wildlife exposures to contaminants in air through inhalation, in water through dermal exposure and 
ingestion, in soil through dermal exposure and ingestion, and in foods.  The aquatic portion estimates 
exposures to contaminants in surface water and pore water via gill or respiratory uptake, in sediment via 
dermal exposure and ingestion, and in foods.  ECEM estimates exposures for 57 terrestrial and aquatic 
animal and plant receptors. 
 
 In this analysis, ECEM was run deterministically (single calculation using a single value for each 
input parameter, such as radionuclide concentration, partition coefficient Kd, species uptake and 
depuration rates) for both Hanford and Hanford plus background exposure scenarios.  Model output 
consisted of estimated equilibrium exposures -- total radiological dose (rad/day) for terrestrial and aquatic 
receptors, and absorbed daily dose (µg/kg per day) and tissue concentrations (µg/L) for terrestrial and 
aquatic receptors, respectively. 
 
 Risk is assessed via calculation of Environmental Hazard Quotients (EHQs).  The level of risk, or 
EHQ, is indicated by the ratio of the estimated exposure to a measurement (effect) endpoint, such as a 
radiological dose limit or toxicological benchmark.  An EHQ greater than 1 indicates a potential hazard. 
 
 Radiological toxicity EHQs are calculated by dividing the estimated total radiological dose by the 
DOE dose limit.  These dose limits are 1 rad/day for native aquatic animals (DOE 1993); and interim 
dose limits for terrestrial animals and plants of 0.1 rad/day and 1 rad/day, respectively (58 FR 16268; 
DOE 2000).  Currently, there is no DOE dose limit for aquatic plants (DOE 2000). 
 
 Maximum EHQs for total radiological dose to benthic and pelagic aquatic animals and to terrestrial 
animals and plants under the three EIS alternatives in the Hanford and Hanford plus background exposure 
scenarios are provided in Table I.3.  Based on this analysis, no potential radiological risks are expected 
under any of the alternatives. 
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Table I.3. Maximum EHQs for Total Radiological Dose Under the Three EIS Alternatives in the 
Hanford and Hanford Plus Background Exposure Scenarios 

1 
2 
3  

EIS Alternative 
Exposure 
Scenario Type of Organism Taxon at Maximal Risk Alternative 1 

(upper bound)
Alternative 2 

(upper bound) No Action

Benthic Woodhouse’s toad (Bufo 
woodhousei) (tadpole) 

6.0E-10 1.0E-09 4.7E-09 

Pelagic water flea (Daphnia 
magna) 

1.3E-10 1.3E-10 3.0E-09 

Terrestrial animal Raccoon (Procyon lotor) 5.8E-09 6.0E-09 6.8E-09 

Hanford 

Terrestrial plant black cottonwood 
(Populus 
trichocarpa)/mulberry 
(Morus alba) 

2.9E-10 2.9E-10 2.9E-10 

Benthic Woodhouse’s toad 
(tadpole) 

6.1E-05 6.1E-05 6.1E-05 

Pelagic water flea 7.1E-07 7.1E-07 7.1E-07 

Terrestrial animal raccoon 1.3E-05 1.3E-05 1.3E-05 

Terrestrial plant black 
cottonwood/mulberry 

6.1E-10 6.1E-10 ____ 

Hanford plus 
Background 

Emergent plant tule (Scirpus acutus) ____ ____ 4.7E-09 
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 Chemical toxicity EHQs for terrestrial animal receptors are calculated by dividing the estimated 
absorbed daily dose by the lowest dose known to produce a clinically toxic response in any member of a 
population (i.e., the lowest observed effects level or LOEL).  Chemical toxicity EHQs for aquatic animal 
receptors are calculated by dividing the estimated tissue concentration by the lowest tissue concentration 
known to produce a clinically toxic response (i.e., the lowest observed effects concentration or LOEC).  
The LOEL/LOEC, based on chronic exposure, was selected because it was deemed to be most representa-
tive of effects that might occur during a long-term contaminant release.  Where LOECs or other tissue-
concentration-based toxicity data were unavailable for aquatic receptors, EHQs for these were calculated 
by comparing the estimated effective water concentrations (the water concentration that would result in 
the estimated tissue concentration via gill/respiratory uptake and dermal uptake alone, i.e., excluding 
uptake via foods, ingestion of sediment, and dermal uptake from sediment) with the lowest water 
concentrations known to produce a clinically toxic response. 
 
 The chemical toxicity data used in calculating EHQs for total uranium are as follows.  A single total 
uranium LOEL of 6.13 mg/kg per day, based on toxicity to mice (Opresko et al. 1995), was used to 
calculate EHQs for all terrestrial receptors.  Since LOECs or other tissue-concentration-based toxicity 
data were lacking for total uranium, a U-234/238 water concentration value (4,000 µg/L) known to 
produce mortality in mosquitofish (Gambusia affinis) after seven days was selected (AQUIRE [AQUatic 
toxicity Information REtrieval] database).  This value was divided by a factor of 15 to approximate the 
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lowest water concentration (266.67 µg/L) at which a clinically toxic response (i.e., one less severe than 
mortality) might be seen.  This derived concentration was used to calculate EHQs for aquatic receptors 
exposed mostly to surface water.  This extrapolation from an acute to a chronic toxicity value is consistent 
with DOE-RL (1998). 
 
 Maximum EHQs for total uranium in terrestrial animals under the three EIS alternatives in the 
Hanford and Hanford plus background exposure scenarios are provided in Table I.4.  Based on this 
analysis, no potential risks from total uranium to terrestrial animals are expected under any of the 
alternatives. 
 
 EHQs for total uranium in surface water under the three EIS alternatives in the Hanford and Hanford 
plus background exposure scenarios are provided in Table I.5.  Based on this analysis, no potential risks 
from total uranium in surface water to pelagic aquatic organisms are expected under any of the 
alternatives. 
 
Table I.4. Maximum EHQs for Total Uranium in Riparian Animals Under the Three EIS Alternatives in 

the Hanford and Hanford Plus Background Exposure Scenarios.  All values are for American 
coot (Fulica americana). 

 
EIS Alternative 

Exposure 
Scenario 

Alternative 1 
(upper bound) 

Alternative 2 
(upper bound) 

No 
Action 

Hanford 1.1E-06 1.1E-06 1.8E-06 
Hanford plus 
Background 

2.1E-02 2.1E-02 2.1E-02 

20 
21 
22 
23 
24 

 
Table I.5. EHQs for Total Uranium in Surface Water Under the Three EIS Alternatives in the Hanford 

and Hanford Plus Background Exposure Scenarios.  These EHQs are considered to apply to 
all pelagic aquatic organisms. 

 
EIS Alternative 

Exposure 
Scenario 

Alternative 1 
(upper bound) 

Alternative 2 
(upper bound) 

No 
Action 

Hanford 1.1E-08 1.9E-08 7.9E-08 
Hanford plus 
Background 

1.9E-03 1.9E-03 1.9E-03 

25 
26 
27 
28 
29 
30 
31 

 
I.4 Consultations 
 
 DOE consults with the National Marine Fisheries Service and the U.S. Fish and Wildlife Service 
regarding potential actions that may affect sensitive habitats or species on the Hanford Site.  Copies of the 
DOE consultation letters and agency responses are attached to this appendix. 
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 Response to DOE consultation letter to the National Marine Fisheries Service was received via 
telephone on Friday, April 26, 2002.  Dennis Carlson of that agency indicated the currently listed species 
could be obtained from the following internet site: 
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http://www.nwr.noaa.gov/1habcon/habweb/listnwr.htm. 
 
 The following list was reproduced from the internet site on April 29, 2002. 
 

Endangered, Threatened, Proposed, and Candidate Species under National Marine Fisheries 
Service Jurisdiction that Occur in Oregon, Washington, and Idaho 

 
Listed Species 
 

Coho Salmon (Oncorhynchus kisutch) 
 
• Southern Oregon/Northern California Coasts Evolutionarily Significant Unit (ESU)(Threatened) 
• Oregon Coast ESU (Threatened) 
 
Chinook Salmon (O. tshawytscha) 
 

• Snake River Fall-run ESU (Threatened) 
• Snake River Spring/Summer-run ESU (Threatened) 
• Puget Sound ESU (Threatened) 
• Lower Columbia River ESU (Threatened) 
• Upper Willamette River ESU (Threatened) 
• Upper Columbia River Spring-run ESU (Endangered) 

 
Chum Salmon (O. keta) 
 

• Hood Canal Summer-run ESU (Threatened) 
• Columbia River ESU (Threatened) 

 
Sockeye Salmon (O. nerka) 
 

• Snake River ESU (Endangered) 
• Ozette Lake ESU (Threatened) 

 
Steelhead (O. mykiss) 
 

• Upper Columbia River ESU (Endangered) 
• Snake River Basin ESU (Threatened) 
• Lower Columbia River ESU (Threatened) 
• Upper Willamette River ESU (Threatened) 
• Middle Columbia River ESU (Threatened) 

 
Sea-run Cutthroat Trout (O. clarki clarki) 
 

• Umpqua River ESU (Endangered) 
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Chinook Salmon 
 

• Southern Oregon/Northern California Coastal ESU (Proposed Threatened) 
 
Sea-run Cutthroat Trout 
 

• Southwestern Washington/Columbia River ESU (Proposed Threatened) 
 
 
Candidates for Listing 
 
Coho Salmon 
 
• Puget Sound/Straight of Georgia ESU 
• Lower Columbia River/Southwest Washington ESU 
 
Steelhead 
 
• Klamath Mountains Province ESU 
• Oregon Coast ESU 
 
Sea-run Cutthroat Trout 
 
• Oregon Coast ESU 

 
-------------------------------------- 
Office of Habitat Conservation, HQ | NMFS Northwest Region | NMFS | NOAA | DOC 
Updated February 2, 2000 
Species List Updated April 1999 
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Construction Noise – Method of Assessment 
 
 
 Heavy equipment such as earthmovers and graders may generate higher levels of noise than 
operational equipment such as exhaust fans or generators.  For example, pulse dryers produce a noise 
level of 70 decibels (dB).   Diesel-powered earth moving equipment is inherently noisy and would be 
used in the construction of trenches and obtaining fill material from the borrow pits in Area C south of 
State Highway 240. 
 
 The Washington State Department of Ecology (Ecology) implements rules consistent with federal 
noise control legislation through Washington Administrative Code (WAC) 173-60.  Maximum noise 
levels are defined for the zoning of the area in accord with environmental designation for noise 
abatement (EDNA).  The Hanford Site is classified as a Class C EDNA on the basis of industrial 
activities.  Unoccupied areas also are classified as Class C areas by default because they are neither 
Class A (residential) nor Class B (commercial).  Maximum noise levels are established based on the 
EDNA classification of the receiving area and the source area (Table J.1).  The benchmark for industrial 
noise levels in the State of Washington is 70 A-weighted decibels (dBA). 
 
 Table J.1. Applicable State Noise Limitations for the Hanford Site Based on Source and Receptor 

EDNA Designation 
 

Receptor 
Source -

Hanford Site 
Class A 

Residential (dBA) 
Class B 

Commercial (dBA) 
Class C 

Industrial (dBA) 
Class C - Day 60 65 70 
Night 50 -- -- 

26 
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J.1 Assessment of Noise Impacts 
 
 The assessment of noise impacts relies on evaluating critical distances between sources of noise and 
receptors and a conservative source term that is likely to overestimate impacts. 
 
J.1.1 Critical Distances 
 
 Because the 200 Area is isolated, no human residences are likely to be impacted due to the great 
distances from source to receptor.  The nearest residences are farmhouses along Highway 24 on the 
western perimeter of the Hanford Site (10 km [6.2 mi] from the western border of the 200 West Area).  
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Distances exceed 10 km (6.2 mi) from Area C to these residences.  The shortest distance between the 
western perimeter of the 200 Areas and Highway 240 is about 2 km (1.25 mi). 
 
J.1.2 Source Term 
 
 To ensure that noise levels were not underestimated, the noise generated by a diesel locomotive 
engine was used as a conservative source term for heavy construction equipment.  Screening estimates 
were based on non-A-weighted (pure total sound) adjustments and A-weighted adjustments.  For this 
analysis, each octave band frequency from 63 to 8,000 hertz (Hz) was modeled from the 132-dBA 
locomotive engine source term (Hanson et al. 1991).  Noise propagation and attenuation were based on 
hemispherical spreading, molecular absorption, and anomalous excess attenuation under standard day 
conditions (EEI 1979).  For a 132-dBA source to attenuate to 70 dB, about 43 to 70 dB must be 
attenuated (adsorbed or dispersed) based on frequency (Table J.2).  The distance of attenuation for this 
source (63 Hz and 8000 Hz), based on reduction to a 70-dBA level, ranged from 40 m to 250 m (130 ft to 
820 ft). 
 
 Table J.2. Estimated Distances of Attenuation by Octave Band (hertz) for a 132-dBA Diesel 

Locomotive (conservative surrogate for heavy construction equipment) 
 

Distance of Attenuation 
45 dBA a 

Distance of Attenuation 
70 dBAb 

Hertz 

Correction 
by frequency 
(dB @ 30 m) 

Corrected 
Source Term 
(dB @ 30 m) 

Estimated 
Source Term 

(dB) 
Attenuated 

dB 
A wt 

Corrected 
Distance 

(m) 
Attenuated 

dB 
A wt 

Corrected 
Distance 

(m) 
63 2.7 98.7 135.7 90.7 64.7 630 65.7 39.7 40 

125 5.3 101.3 138.3 93.3 77.3 1,700 68.3 52.3 160 
250 -6 90 127 82 73 1,200 57 48 100 
500 -3.3 92.7 129.7 84.7 81.7 1,600 59.7 56.7 250 

1,000 -4.7 91.3 128.3 83.3 83.3 1,300 58.3 58.3 250 
2,000 -9 87 124 79 80 820 54 55 160 
4,000 -14 82 119 74 75 410 49 50 90 
8,000 -22.3 73.7 112.7 67.7 66.7 223 42.7 41.7 40 

(a) The value of 45 dBA is routinely associated with quiet residential areas and is 5 dB below the level commonly used for a residential 
nighttime noise standard of 50 dBA. 

(b) The noise standard for industrial zones during daylight hours is 70 dBA. 

20 
21 
22 
23 
24 
25 
26 
27 
28 

 
 The distance of attenuation required for achieving a reduction to 70 dB was taken from tables in 
EEI (1979).  The maximum distance of attenuation to 70 dB was 250 m (820 ft) at 500 and 1000 Hz.  
Effectively, no frequency would attain a sound pressure level greater that 70 dBA at 250 m (820 ft).  The 
overall noise level at this distance would be dominated by these frequencies.  Based on decibel addition, 
the A-weighted decibel level would approach 75 dB for all octave bands at 250 m (820 ft).  The A-
weighted decibel level would decrease to 70 dBA at 400 m (1312 ft) and to 67 dBA at 500 m (1640 ft). 
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 For practical applications, a polynomial regression analysis was conducted on estimated noise levels 
over five distances to bracket a noise level of 70 dBA.  The equation is 
 
 Y  = -351.307 (x) + 2.262(x2) + 13873.6 (J.1) 
 
where Y equals the noise level (dBA) and x equals the estimated distance from the locomotive. 
 
 A “region of influence” for heavy equipment would be set at 500 m (1640 ft) for operations in the 
200 Areas and at Area C.  A 500-m (1640 ft) region of influence would allow for the simultaneous 
operation of two pieces of heavy equipment such that estimated nose levels would not exceed 70 dBA at 
500 m. 
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Cultural Resources 
 
 
K.1 Introduction 
 
 This appendix provides details regarding known and potential cultural resources in areas in which 
Solid Waste Program activities, as described in Section 3.0, may take place. These areas are portions 
(including Low Level Burial Grounds [LLBGs]) of the 200 East Area and 200 West Area (including the 
Central Waste Complex [CWC] expansion area), Area C containing borrow pit material, and access roads 
and a stockpile area north of State Route 240 near 200 West Area. 
 
 Cultural resource reviews, in accordance with the National Historic Preservation Act (16 USC 470), 
are conducted to ensure that potential impacts to cultural resources and historic properties are considered 
in advance of federal undertakings. Copies of letters of consultation with the State of Washington Office 
of Archaeology and Historic Preservation are attached. 
 
K.1.1 200 East and 200 West Areas 
 
 Since 1987, a total of 39 cultural resource reviews have been conducted for various projects 
associated with the LLBGs, surrounding areas in 200 West and 200 East, and mineral source locations 
(Table K.1).  New reviews are completed when any change in project scope or location occurs.  Thus 
cultural resources reviews would be initiated for project activities associated with alternatives considered 
in this EIS to determine whether or not the proposed activities associated with waste management 
operations would have the potential to cause effects on historic properties [36 CFR 800.3(a)(1)]). 
 
 The only buildings and structures that are eligible for National Registry Historic Places status and 
have the potential to be affected by projects associated with the Hanford solid waste program activities in 
200 West and 200 East Areas include certain facilities within the T Plant Complex.  If modifications of 
these facilities proposed for Alternative 1 were to be implemented, additional cultural resource reviews 
would be required. 
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Table K.1.  Previously Conducted Cultural Resource Reviews(a) 1 
2  

Hanford 
Cultural 

Resource Case 
Number Title Activities Reviewed Cultural Resources

87-200-016 Cultural Resources Survey of 
the Proposed 200-West 218-W-
3A, 218-W-3AE, and 218-W-5 
Waste Trenches. 

Trench construction in 218 W-5, 
218-W-3A, 218-W-3AE. 

No archaeological, 
historic, 
paleontological, or 
Native American 
cultural sites. 

87-200-021 Cultural Resources Survey of 
the Proposed PCB/PU Storage 
Facility HCRC# 87-200-021 and 
of the Proposed Hanford Center 
Waste Complex 
HCRC# 88-200-005. 

200 East and 200 West Areas.  
Construction of plutonium/ 
polychlorinated biphenyl storage 
facility and the steam tie lines and 
water system upgrade tie lines 
between areas. 

White Bluffs Road. 

88-200-005 Cultural Resources Review of 
the Hanford CWC. 

100 ac tract of land bounded on the 
south by 19th Street, on the east by 
Dayton Avenue and on the north by 
23rd Street. 

White Bluffs Road, 
2 isolated finds and 
1 site. 

88-600-001 Cultural Resource Review of 
Barrier Development Program 
Fine Soil Borrow Pit at McGee 
Ranch. 

McGee Ranch fine soil Borrow Pit 
use. 

Review not completed 
numerous 
archaeological sites. 

89-200-005 Cultural Resources Review of 
the 218-E-12B Special Naval 
Disposal Trench Expansion. 

218-E-12B.  Eexcavation to the west 
for 80 ft and to a depth of 30 ft 
below existing ground surface. 

No impact on any 
historic properties. 

89-200-006 Cultural Resources Review of 
the 218-W-2A and 216-T-18 
Cleanup. 

218-W-2A, 216-T-18, 218 W-3, 
218-W-4, borrow area west of 213-
W-3. 

No known National 
Register properties. 

89-200-008 Cultural Resources Review of 
the LLBG Permit Application. 

218-E-10, 218-12B, 218-W 3A, 
218-W-3AE, 218 W-4B, 218-W-4C, 
218-W-5, 218-W-6 LLBGs.  
Maximum depth of excavation: 
3 feet (ft). 

White Bluffs Road, 
historic artifacts. 

89-200-023 Cultural Resources Review of 
the Effluent Retention and 
Treatment Complex (Effluent 
Retention and Treatment 
Complex (ERTC). 

84.9 ha to develop facilities and a 26 
km pipeline corridor to the 
Columbia River. 

White Bluffs Road, 
45BN307, HT-89-029, 
HT-90-002, HT-
89-030, HT-89-031, 
HI-89-016. 

3 

                                                   
(a) Note that some reviews include areas that are not considered in the Hanford Site Solid (Radioactive 

and Hazardous) Waste Program Environmental Impact Statement (HSW EIS), for example the 
McGee Ranch, now within the Hanford Reach National Monument. 
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Table K.1.  (contd) 1 
2  

Hanford 
Cultural 

Resource Case 
Number Title Activities Reviewed Cultural Resources 

91-600-006 Cultural Resources Review of 
the Privatization Steam Plant. 

Gravel Pit 30.  23 acres at northwest 
corner of the junction between 
Route 3 and Route 4 South. 

HT-99-007 (recorded in 
1999). 

91-600-012 Cultural Resources Review of 
the Action Plan for 
Characterization of McGee 
Ranch Oil. 

McGee Ranch boring and sampling 
to select and characterize potential 
borrow locations for fine-textured 
soils. 

Cultural properties 
present, survey 
recommended. 

93-200-004 Cultural Resources Review of 
200-BP-1 Hanford Prototype. 

(Vernita Basalt Quarry).  Total 
potential volume of McGee Ranch 
silt - 80,00 yd3, basalt rip rap - 
115,000 yd3, and batch plant - 
180,00 yd3. 

No known cultural 
resources or historic 
properties in quarry 
boundary. 

93-200-008 Cultural Resources Review of 
the Transuranic (TRU) Waste 
Retrieval/Characterization Pilot 
Program. 

LLBG Trenches T01, 4C; T04 4C; 
T07, 4B; T20, 4C; T24, 4C. 

No known cultural 
resources or historic 
properties. 

93-200-074 Cultural Resources Review of 
the Solid Waste Retrieval 
Complex, Phase I (W-113) and 
Enhanced Radioactive and 
Mixed waste Storage Facility 
Project. 

200 West Area.  Phase I Retrieval 
complex for retrieving transuranic 
solid waste including support 
buildings and facilities.  
Construction of Phase V Facility for 
storage of waste containers. 

White Bluffs Road, 
2 isolated finds, one 
historic site. 

93-200-137 Cultural Resources Review of 
the W-026, Waste Receiving 
and Processing 1 Facility 
(WRAP) Project. 

200 West Area.  Construction of the 
WRAP 1 facility in the CWC 
located southwest of the intersection 
of 23rd street and Dayton Avenue. 

No known cultural 
resources or historic 
properties. 

93-200-154 Cultural Resources Review of 
the CWC and TRU Storage and 
Assay Facility (TRUSAF) 
Paving Project. 

200 West Area.  Paving of 4 gravel 
and dirt/gravel areas. 

No known cultural 
resources or historic 
properties. 

93-600-002 Cultural Resources Review for 
the Expansion of Gravel Pits 23 
and 30 Project. 

Gravel Pits 30 and 23 expansion. No known cultural 
resources. 

94-200-018 Cultural Resources Review of 
the Geologic Testing of Mixed 
Waste Trench Project. 

218-W-5.  Maximum size of 
excavation:  4 test pits 17 ft deep. 

No known cultural 
resources or historic 
properties. 
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Table K.1. (contd) 1 
2  

Hanford 
Cultural 

Resource Case 
Number Title Activities Reviewed Cultural Resources 

94-200-068 Cultural Resources Review of 
the 200/Solid Waste/CWC 
Facility Project. 

200 West Area.  Service pole holes 
adjacent to 2403-WB facility.  
Maximum size of excavation:  2 ft 
in diameter and 6 ft deep. 

No known cultural 
resources or historic 
properties. 

94-200-077 Cultural Resources Review of 
the Burial Ground Increase 
Trench #33 Project. 

218-W-4C.  Maximum size of 
excavation: trench enlarged from 6-
foot depth to 24-ft deep with base 
widened to 24 ft. 

No known cultural 
resources or historic 
properties. 

94-200-200 Cultural Resources Review of 
the Storage of Long Length 
Radioactive Mixed Waste 
Project. 

200 West Area.  24,000 ft2 for 
2 structures, storage for a crane and 
rails near the intersection of 19th 
Street and Dayton Ave. 

No known cultural 
resources or historic 
properties. 

94-200-097 Cultural Resources Review of 
the W-236A, Multi-Function 
Waste Tank Facility, 1994 
Project. 

Adjacent to Gravel Pit 30.  Project 
Modification from previous 93-600-
004 cultural review. 

HT-99-007 
(recorded in 1999). 

94-600-001 Cultural Resources Review of 
the Spent Nuclear Fuel Storage 
Facility Project. 

Survey adjacent to Gravel Pit 30 ft 
northern and eastern boundary. 

HI-94-003. 

95-200-066 Cultural Resources Review of 
the 218-E-12B Trench 94 
Project. 

218-E-12B.  Excavation in bottom 
of trench to maximum depth of 3 ft. 

No known cultural 
resources or historic 
properties. 

95-200-124 Cultural Resources Review of 
Removal of Contaminated Soils 
in and around 218-W-4B Burial 
Grounds. 

218-W-4B. No known cultural 
resources or historic 
properties. 

95-200-065 Cultural Resources Review of 
the 218-W-4C Trench 14 - High 
Integrity Containers Project. 

218-W-4C.  Maximum excavation 
size:  6 holes 36 in. in diameter and 
19 ft deep in bottom of trench. 

No known cultural 
resources or historic 
properties. 

95-200-104 Cultural Resources Review of 
the Solid Waste Retrieval 
complex, Enhanced Radioactive 
and Mixed Waste Storage 
Facility, Infrastructure 
Upgrades, and Central Waste 
Support Complex. 

200 West Area.  Entire area 
previously reviewed except for 
future drain field. 

White Bluffs Road, 
1 site, 2 isolated finds. 

3 
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Table K.1. (contd) 1 
2  

Hanford 
Cultural 

Resource Case 
Number Title Activities Reviewed Cultural Resources 

96-200-058 200 Area Block Survey. Remainder of undisturbed ground 
within 200 Area East and West 
Areas not previously surveyed. 

HI-96-002, HI-96-003, 
HI-96-004, HI 96 005, 
HI-96-006, HI-96-007, 
HT-96-002, HT-96-010. 

96-200-059 Cultural Resources Review of 
the 218-W-4C Trench 14 - 
Culvert Containers. 

218-W-4C.  Maximum excavation 
size: 25 ft wide by 25 ft long by 8 ft 
deep. 

No known cultural 
resources or historic 
properties. 

96-200-076 Cultural Resources Review of 
the Routine Operation of 
Grouting in the 200 West Burial 
Grounds. 

218-W-5, 218-W-3A, 218-W-3AE, 
218-W-4C.  Maximum depth of 
excavation:  up to 8 ft below trench 
floor. 

No known cultural 
resources or historic 
properties. 

96-200-102 Cultural Resources Review of 
the Widening and Deepening of 
Trench 36, 218-E-12B 

218-E-12B.  Maximum size of 
excavation: 80 ft wide at top, 
20 wide at bottom, and 20 ft deep. 

No known cultural 
resources or historic 
properties. 

97-200-023 Cultural Resources Review of 
the Burial Ground 218-W-5 
Trench 33 Expansion. 

218-W-5.  Maximum size of 
excavation: trench widening to 40 ft 
for length of trench (1160 ft), 
excavation to 20 ft. 

No known cultural 
resources or historic 
properties. 

97-200-062 Cultural Resources Review of 
the Burial Ground 218-W-5 
Trench 34 Rain Curtain. 

218-W-5.  Maximum size of 
excavation: 1 to 2 ft deep trenches 
around Trench 34 and down inner 
edge of truck ramp. 

No known cultural 
resources or historic 
properties. 

98-200-031 Cultural Resources Review of 
the Subsidence Repair and 
Maintenance in the Low Level 
Burial Grounds. 

218-E-10, 218-E-12B, 218 W-3A, 
218-W-3AE, 218-W-4B, 218-W-
4C, 218-W-5, 218-W-6. 

No known National 
Register properties. 

99-200-008 Cultural Resources Review for 
Widening Trench 36 218-E-12B 
Burial Ground. 

218-E-12B.  Maximum size of 
excavation: 900 ft long, 16 ft deep, 
and 25 width added. 

No known National 
Register properties. 

01-200-006 Cultural Resources Review for 
the Storage of K Basin Sludge 
at the 221-T and the 271-T 
Facilities 

221-T and 271-T Facility upgrades 
to safety and security systems, 221-
T modifications to hot cells. 

No effect on facility 
characteristics that make 
them eligible for 
National Register. 

3 
4 
5 
6 
7 
8 
9 

 
K.1.2 Central Waste Complex Expansion Area 
 
 Under the No Action Alternative, the CWC in the 200 West Area would continue to receive and store 
newly generated wastes.  With existing storage capacity reaching its limit, the CWC is proposed for 
expansion.  Expansion would occur in a 36 ha (89 ac) area south of the existing CWC and a 30 ha (74 ac) 
area west of the CWC and south 218-W-5 Expansion Area.  Depth of excavation will depend upon the 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

alternative chosen in the EIS; excavation could be as little as 3 ft (0.9 m) for CWC buildings, and as much 
as 60 ft (18 m) for new mixed low-level waste (MLLW) trenches. 
 
 Staff of the Hanford Cultural Resources Laboratory (HCRL) conducted a records and literature search 
which revealed the project area has been previously surveyed for cultural resources.  Cultural resources 
identified within the project area are provided in Table K.2. 
 
 The cultural resource surveys of the project area concluded that no known historic properties are 
located within the CWC expansion area. 
 
K.1.3 New Facility for M-91 Capability 
 
 The location of the new facility for the M-91 Capability that would be constructed, if Alternative 2 
were to be implemented, is directly west of WRAP in the 200 West Area.  The previous cultural resources 
surveys conducted in the CWC expansion area concluded that no known historic properties are located 
within the footprint of the new facility for the M-91 Capability.  
 

Table K.2.  Cultural Resources Identified in Project Area 
 

Survey number/name 
Cultural Resources Identified 

in the Project Area Eligible to the National Register 

HCRC# 88-200-038, 
Archaeological Survey of the 
200 East and 200 West Areas. 

HT-88-009, 1920s/1930s can 
and bottle scatter - possible 
sheepherder/ cowboy camp. 

Determined not eligible. 

HCRC# 96-200-058, 200 Area 
Block Survey. 

HT-96-002: sparse scatter of 
cryptocrystalline silica (ccs) 
flakes and historic debris. 
HI-96-004: ccs utilized flake. 
HI-96-005: ccs flake.  

Determined not eligible. 

HCRC# 95-200-104, Solid 
Waste Retrieval Complex 
(Infrastructure).(a) 

No cultural resources located. N/A 
 

HCRC# 2000-600-023, 
White Bluffs Road Survey.  

H3-121, White Bluffs Road and 
associated features. 

Determined eligible to the 
National Register.  The section 
that runs through the 200 West 
Area and through the project area, 
however, has been determined to 
be non-contributing due to lack of 
physical integrity. 

(a)  HCRC = Hanford Cultural Resources Case; see Appendix L for details on source. 
20 
21 
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K.2 Area C – Borrow Pits, Stockpile Area, and Access Roads  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

 
 Area C borrow pits would be used for excavation of basalt and fine textured material (silt loam, 
gravel, sand) for the construction of closure caps to be placed over low-level waste (LLW) trenches in 
Alternative 1 and Alternative 2, and MLLW trenches in all alternatives.  The HCRL conducted a cultural 
resources review of the 926 ha (2287 ac) Area C borrow pit area in February 2002 (see Figure K.1). 
 
K.2.1 Literature and Record Search – Previous Cultural Resource Surveys 
 
 Staff of HCRL conducted a records and literature search, which revealed that a small section of 
Area C has been previously surveyed in 1994 for cultural resources (Bard et al. 1994).  The survey was 
conducted in the northwestern portion of Area C.  Three isolated finds were recorded in the project area: 
 

ISOLATE NUMBER DESCRIPTION 

HI-94-032 Two white cryptocrystalline silica (css) flakes 

HI-94-036 A historic “fence jack” – a rock pile with remains of a split rail 

HI-94-037 A large historic riveted metal collared cylinder 
 
 A previous cultural resources survey 3 miles west of the project area resulted in the establishment of 
the Rattlesnake Springs Archaeological District and listing in the National Register of Historic Places 
(Fuller 1974).  Sites recorded by the survey include evidence of prehistoric activity near Rattlesnake 
Springs and Dry Creek.  The historic White Bluffs Road, that passed through Rattlesnake Springs, was 
identified in the survey and is listed in the National Register.  The road was an important Native 
American and Euro-American route from Yakima to the town of White Bluffs on the Columbia River, 
and gives evidence to the fact that the Rattlesnake Springs area was a crossroad for Native Americans as 
well as early Euro-American settlers in the region. 
 
K.2.2 Research Initiatives and Field Reconnaissance 

 
 Although a 100 percent cultural resources survey of Area C has been recommended prior to 
commencement and excavation activities, for the purposes of the draft environmental impact statement 
(DEIS), HCRL staff conducted a variety of research initiatives to assess the potential cultural resource 
impacts that the project may have.  These activities are summarized below: 
 

• Historical Research - During the literature and records search previous cultural resource investiga-
tions, historic maps, land records, and local histories were reviewed.  Former residents of the Hanford 
area were also contacted to see if they recalled historic activity in the area.  Results of this research 
indicated that portions of Area C, located in the Rattlesnake Flats section of Cold Creek valley, were 
used for grazing and ranching from the 1880s to 1943.  Irrigation was undertaken at ranches west 
(Benson Ranch) and south (Snively Ranch) of the project area.  Large-scale irrigation efforts for the 
entire Cold Creek valley were promoted, but they never reached fruition (Van Arsdol 1972). 
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31 
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A review of the 1881 General Land Office map of the Cold Creek valley revealed that the Ellensburg 
to Yakima River Road traversed the project area in an east-west direction, and was possibly used as 
an Indian trail prior to Euro-American settlement.  The 1943 Real Estate maps depict another road 
connecting Cold Creek Valley with Richland.  The road parallels Dry Creek along the northern 
section of the project area.  The maps also note that at the time of the establishment of the Hanford 
Site ownership of the project area was divided among the State of Washington, Northern Pacific 
Railroad, and United States government. 

 
The Benson Ranch, located on the western boundary of the project area, is an unrecorded 
archaeological site that is noted on the 1915 U.S. Geological Survey (USGS) topographic maps. The 
Benson Ranch obtained its water for irrigation from Rattlesnake Springs in order to grow alfalfa and 
other crops, and a well-used trail connected the ranch with the springs (Hinds and Rodgers 1991).  
Rattlesnake Springs was valued by both prehistoric peoples and Euro-American settlers for its year-
around water supply and source of plentiful game.  Rattlesnake Springs holds prehistoric significance 
as there is evidence of aboriginal occupation some distance from the Columbia River.  Until recently 
most prehistoric archaeological investigations conducted in the mid- Columbia Basin have been 
located along major rivers and tributaries.  It was noted that surface findings in the vicinity of 
Rattlesnake Springs indicate possible human presence as far back as 8000 to 10,000 years. 

 
• Photogrammetry - Aerial photographs from recent decades were analyzed to determine if historic 

roads still existed and to see if any additional historic activity could be located.  The analysis 
confirmed the location of roads along with various probable cultural features; however, no major sites 
such as farmsteads or military encampments (that is, Camp Hanford’s forward positions) were 
observed.  In 1963, the U.S. Army conducted maneuvers, called Operation Braveshield, for several 
weeks in the Cold Creek valley.  The troops proceeded north to Rattlesnake Springs and followed the 
Cold Creek drainage to the Yakima Firing Range (DOE 1995).  At this point, however, little evidence 
suggests that Area C was used for Army exercises. 

 
• Ethnographic Research - From previous ethnographic interviews conducted by HCRL with local 

Native Americans, the area has been identified as a travel route for Native Americans between 
Rattlesnake Springs and the Yakima and Columbia Rivers.  The area lies in close proximity to 
Rattlesnake Mountain, a place considered important by local Native American tribes. 

 
• Archaeological Research and Field Reconnaissance - Previous archaeological surveys in the area, 

limited to only one small survey (Bard et al. 1994), identified minimal presence of archaeological 
remains from the prehistoric and historic periods.  To gain additional perspective on the likelihood 
that significant archaeological remains are located in Area C, staff conducted a field reconnaissance 
of high potential areas identified by a predictive model (Area C Predictive Model- Figure K.1) 
developed by the HCRL for the Hanford Site.  The model indicated the areas located along the dry 
beds of Cold Creek and Dry Creek would have a moderately high chance of containing archaeological 
sites.  Four staff members conducted a field reconnaissance, principally along the creeks, their 
tributaries, and along the dirt road parallel to Dry Creek.  Cultural material observed included one 
cryptocrystalline silica flake, numerous rusted cans and contemporary beer cans, military telephone 
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wire, and barbwire fence lines that run parallel to Dry Creek and the dirt road.  If significant 
archaeological remains are present in Area C, they are most likely buried under wind blown 
deposition. 

 

 5 
6 
7 

Figure K.1.  Area C Predictive Model 
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Appendix L 
 
 
 
Unpublished Sources Cited in the Hanford Solid (Radioactive 

and Hazardous) Waste Environmental Impact Statement 
 
 

This appendix contains sources such as personal communications, memos, and other 
reference material.  These sources are listed in alphabetical order as they were called out in the 
text of this Hanford Site Solid (Radioactive and Hazardous) Waste Environmental Impact 
Statement, and each new source starts on a face page. 
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Casbon 2001, ERDF Total Radionuclide Inventory, CERCLA LLW 
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Evans, J.  2002.  Personal Communication from Jim Evans, Shrub Steppe Ecologist, The Nature 
Conservancy, Seattle, Washington, to Jim Becker, Research Scientist, PNNL, Richland, 
Washington, regarding the existence of an unnamed population of rare plants in Area C.  
February 15. 
 
 
A non-specific ‘rare plant occurrence’ polygon appears on a GIS map included in the Final 
Report of the Biodiversity Inventory and Analysis of the Hanford Site (TNC 1999).  The polygon 
does not correspond to (or fall within) any areas searched for rare plants, which are themselves 
represented by polygons in maps included in TNC (1999), nor in GIS layers from which these 
maps were apparently made. 
 
In the TNC GIS files, the ‘rare plant occurrence’ polygon shows up in the ‘Rare Plants, 1994’ 
layer (and again in the ‘all years’ layer), but not in layers of years following 1994 (rare plant 
surveys were conducted in 1995 and 1997 as well as in 1994).  Unfortunately, there were no 
plant species attributes associated with the polygon in the GIS files Jim Evans had seen. 
 
Jim Evans went through the 1995 rare plant report (‘A Rare Plant Survey of the Hanford Nuclear 
Reservation’) -- documenting the 1994 field season -- and did not find any rare plant locations 
mapped close to 
the area in question.  Jim Evans glanced through the 1996 and 1997 reports more quickly but did 
not find any indication that populations were mapped in the area during those periods either. 
 
Jim Evans had discussions with both principals of the rare plant surveys, Florence Caplow and 
Katie Beck, and neither believed rare plants were searched for or mapped in the area in question.  
A detailed search by Katie of original project field maps and other documents bore this out. 
 
Jim Evans said he had been suspicious that the polygon was a mistake all along, and so far none 
of the evidence he has uncovered has done anything to refute this suspicion.  Nevertheless, he 
was glad it was looked into in some depth to be sure. 
 
Both Florence and Katie pointed out strongly that the fact that the area was not searched means 
only that; it does not mean there are no rare plants in the area.  The Hanford Site is too large for a 
ground survey of all areas.  It was Jim Evans’ hope that a ground search of Artea C would be 
made prior to any large scale disturbance of the area.  Jim Evans was glad I indicated that this 
will be the case. 
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HCRC# 89-200-008.  Cadoret, N. A. and J. C. Chatters.  September 1989.  Archaeological 
Survey of the 200 East and 200 West Areas, Hanford Site, Washington.  Unpublished report 
prepared for the U.S. Department of Energy.  Copy on file at Pacific Northwest National 
Laboratory, Richland, Washington. 
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HCRC #89-200-023.  Minthorn, P. E.  March 1990.  Cultural Resources Review of the Effluent 
Retention and Treatment Complex (ERTC).  Unpublished report prepared for Westinghouse 
Hanford Company.  Copy on file at Pacific Northwest National Laboratory, Richland, 
Washington. 
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HCRC #93-200-074.  Crist, M. E., and M. K. Wright.  June 1993.  Cultural Resources Review of 
the Solid Waste Retrieval Complex, Phase I (W-113) and Enhanced Radioactive and Mixed 
Waste Storage Facility Project.  Unpublished report prepared for Westinghouse Hanford 
Company.  Copy on file at Pacific Northwest National Laboratory, Richland, Washington. 
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HCRC #95-200-104.  Cadoret, N. A., and P. R. Nickens.  May 1995.  Cultural Resources Review 
of the Solid Waste Retrieval Complex, Enhanced Radioactive and Mixed Waste Storage Facility, 
Infrastructure Upgrades, and Central Waste Support Complex.  Unpublished report prepared for 
Westinghouse Hanford Company.  Copy on file at Pacific Northwest National Laboratory, 
Richland, Washington. 
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Neitzel, D. A.  2002a,b,c.  Personal communication with Debbie Hickey (Richland School 
District), Connie Bailey (Pasco School District), and Maggie Mahan (Kennewick School 
District). 
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Sackschewsky, M. R. 2001.  Personal communication from M. R. Sackschewsky, PNNL, to B. 
M. Barnes, Fluor Daniel Hanford, Inc., dated April 26, 2001 (letter). 
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Tiller, B. L.  2000.  Personal communication regarding wildlife on the Fitzner/Eberhardt Arid 
Lands Ecology Reserve. 
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